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Abstract

Background: Metabolic Syndrome (MetS) shows a high prevalence among young
Mexican adults, and its metabolic impairments are difficult to reverse once
established. Identifying early biomarkers of endothelial dysfunction may ena-
ble timely prevention. Objective: This study evaluated whether circulating ad-
hesion molecules act as early indicators of metabolic risk in apparently healthy
young adults. Methods: We analyzed serum concentrations of sVCAM-1,
SICAM-1, and sE-selectin, along with adiponectin, resistin, and leptin, in 503
university students (283 women and 220 men; mean age 19 years). Adhesion
molecules were compared across three groups (Control, 1 - 2 alterations, and
MetS), and adipokines were evaluated in Control and MetS groups. Results:
sICAM-1 and sE-selectin were significantly higher in MetS than in Control
and 1 - 2 alterations groups, in both sexes; notably, SICAM-1 was already ele-
vated in men with only 1 - 2 alterations. Leptin was higher in men with MetS,
whereas adiponectin was significantly reduced in women with MetS, and showed
a non-significant decreasing trend in men. Resistin showed no significant dif-
ferences in either sex. These findings indicate that SICAM-1 and sE-selectin
function as early biomarkers of endothelial dysfunction in young adults and
that their combined evaluation improves diagnostic performance. The more
pronounced alterations observed in men highlight a sex-specific vulnerability
that should be considered when defining diagnostic thresholds. Conclusions:
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Opverall, the simultaneous assessment of these markers may support early screen-
ing strategies and inform sex-aware preventive interventions. Longitudinal
studies are warranted to validate predictive value and define their implemen-
tation in clinical and public-health settings.

Keywords

Endothelium, Adhesion Molecules, Metabolic Syndrome, Young Adults

1. Introduction

The mechanisms linking obesity, inflammation, and their complications remain
only partially understood. Over the last decade, evidence has consolidated the con-
cept that obesity represents a state of chronic, low-grade inflammation that medi-
ates the connection between excess adiposity, insulin resistance, endothelial dys-
function, and the development of Metabolic Syndrome (MetS) [1] [2]. MetS is
characterized by the coexistence of several metabolic risk factors including vis-
ceral obesity, dyslipidemia, hyperglycemia and elevated blood pressure that, to-
gether, increase the likelihood of developing cardiovascular disease, type 2 diabe-
tes, reproductive disorders, and certain types of cancer [3] [4]. The inflammatory
response initiated in white adipose tissue contributes to systemic low-grade in-
flammation, where adipocytes and infiltrated immune cells release adipokines and
cytokines—such as adiponectin, resistin, leptin, and C-Reactive Protein (CRP)—
that regulate inflammatory signaling and perpetuate a chronic cycle leading to in-
sulin resistance, and atherosclerosis [3] [4]. MetS is therefore recognized as a chronic
inflammatory condition characterized by elevated CRP, Interleukin-6 (IL-6), and
tumor necrosis factor-alpha (TNF-a) [5]-[7]. Nonetheless, inflammation and met-
abolic markers are not always concordant: some obese individuals exhibit normal
cytokine profiles, whereas some lean subjects with hypertension or type 2 diabetes
show increased inflammatory mediators [5] [7]. This variability suggests that en-
dothelial dysfunction may occur early in the MetS pathophysiological continuum,
preceding overt clinical manifestations.

Recent evidence supports endothelial activation as one of the earliest detectable
events in metabolic dysregulation. The upregulation of adhesion molecules—such
as E-selectin, Vascular Cell Adhesion Molecule-1 (VCAM-1), and Intercellular
Adhesion Molecule-1 (ICAM-1)—facilitates leukocyte attachment and transmi-
gration across the vascular wall, promoting a pro-inflammatory and pro-athero-
genic environment [5] [6] [8]. Elevated plasma concentration of their soluble
forms (sE-selectin, sVCAM-1, sSICAM-1) serves as an early indicator of endothe-
lial perturbation, and correlates with the severity of MetS and cardiovascular risk
[5] [7] [9]. Adipokines further modulate endothelial inflammation: adiponectin
exerts protective and anti-inflammatory effects, whereas leptin and resistin pro-
mote adhesion-molecule expression, endothelial dysfunction, and oxidative stress

[2] [4] [9]. This complex interaction between adipokines and adhesion molecules

DOI: 10.4236/jbm.2025.1312016

211 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.1312016

S. C. Sigrist-Flores et al.

underlies the systemic inflammatory milieu characteristic of MetS. However, most
available studies have been conducted in adults with advanced metabolic altera-
tions. Little is known about the early inflammatory and endothelial changes oc-
curring in young, apparently healthy individuals, despite their increasing expo-
sure to risk factors such as sedentary lifestyle and high-calorie diets [9] [10]. The
evaluation of endothelial adhesion molecules and adipokines could, therefore,
help identify early biomarkers of metabolic imbalance in this population. This study
aimed to evaluate the serum values of endothelial adhesion molecules (sVCAM-
1, SICAM-1, sE-selectin) and adipokines (adiponectin, resistin, leptin) in young
adults with and without diagnostic criteria for MetS, to identify potential early en-
dothelial biomarkers of metabolic syndrome in an apparently healthy young pop-
ulation [8]-[11].

2. Materials and Methods
2.1. Study Population and Ethical Statement

A total of 503 blood samples were obtained from young Mexican adults (283
women and 220 men; mean age 19 years). All participants were first-year under-
graduate students at the National Autonomous University of Mexico (UNAM),
FES Iztacala campus, located in the northern area of the Mexico City metropolitan
region. Participants self-reported as healthy and provided written informed con-
sent prior to enrollment. For the purposes of this study, “apparently healthy” was
operationally defined as having no known chronic diseases (e.g., diabetes, hyper-
tension, dyslipidemia), no prior diagnosis of metabolic or cardiovascular disor-
ders, and not taking any medication for metabolic, endocrine, or inflammatory
conditions at the time of recruitment. The research protocol was approved by the
Institutional Ethics Committee of FES Iztacala, UNAM, and conducted in accord-
ance with the Declaration of Helsinki [8].

2.2. Diagnostic Criteria for Metabolic Syndrome

Metabolic Syndrome (MetS) was defined according to the International Diabetes
Federation/American Heart Association criteria [8] [12]. Participants were classi-
fied into three groups based on the number of altered parameters: Control: no
metabolic alteration; 1 - 2 alterations: one or two altered parameters; MetS: three
or more altered parameters.

An altered parameter was recorded when the corresponding categorical cut-off

was met, as follows:

Parameter Categorical cut-off point

<50 dLi
HDL-Cholesterol meg/ 1n' women
<40 mg/dL in men

. >80 cm in women
Waist circumference .
290 cm in men

Triglycerides >150 mg/dL
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Continued

>130 mm Hg systolic
Blood pressure . .
>85 mm Hg diastolic

Fasting glucose >100 mg/dL

Participants meeting > 3 altered parameters were assigned to the MetS group.

2.3. Laboratory Procedures

All blood samples were obtained between 08:00 and 10:00 h after a 12-hour over-
night fast. Venous blood was collected into Vacutainer® serum-separation tubes
(SST, yellow cap) containing a polymer gel separator. Samples were allowed to clot
at room temperature for 20 - 30 minutes, kept protected from light, and centri-
fuged at 1500 xg for 10 minutes at 4°C to separate the serum fraction.

Serum was carefully collected, aliquoted into sterile polypropylene vials, and
immediately stored at —80°C until analysis. No freeze-thaw cycles were permitted.
Concentrations of soluble adhesion molecules (sVCAM-1, sSICAM-1, and sE-se-
lectin) and adipokines (adiponectin, resistin, and leptin), were quantified using
commercial ELISA kits (Invitrogen™, Waltham, MA, USA). Adhesion molecules
were measured with the following kits: sVCAM-1 (Cat. KHT0601), sSICAM-1
(Cat. BMS241), and sE-selectin (Cat. BMS205-2). Adipokines were measured us-
ing adiponectin (Cat. BMS2032-2), resistin (Cat. BMS2040), and leptin (Cat.
KAC2281) ELISA kits. All assays were performed according to the manufacturer’s
instructions. Samples were analyzed in duplicate, and absorbance was read using
a microplate spectrophotometer (BioTek™ ELx800, USA). Intra-assay and inter-

assay coefficients of variation were <10% for all analytes.

2.4. Statistical Analysis

Data were analyzed using GraphPad Prism version 9.0 (GraphPad Software, San
Diego, CA, USA). Normality of data distribution was evaluated using the Shapiro-
Wilk test. Since most variables met normality assumptions, comparisons among
the three groups (“Control”, “1 - 2 alterations”, and “MetS”) were performed us-
ing a one-way analysis of variance (one-way ANOVA). When significant differ-
ences were detected, Tukey’s multiple comparison test was applied as the post hoc
procedure to determine pairwise group differences. For adipokines, which were
analyzed only between Control and MetS groups, comparisons were performed
using an unpaired two-tailed Student’s ftest. A p value < 0.05 was considered
statistically significant.

Receiver Operating Characteristic (ROC) curves were constructed to determine
optimal cut-off points for SsSCAM-1 and sE-selectin separately for men and women.
Sensitivity, specificity, Positive Predictive Value (PPV), and Negative Predictive
Value (NPV) were calculated using standard formulas. A p value < 0.05 was con-

sidered statistically significant.
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Table 1. Characteristics of the sample.

3. Results
3.1. General Characteristics of the Study Population

A total of 503 young adults were included (283 women and 220 men; mean age
19.0 years, range 17 - 24 years). Based on the number of altered metabolic param-
eters, 157 participants (31.2%) were classified as Healthy, 188 (37.4%) as having 1
- 2 alterations, and 158 (31.4%) as meeting criteria for MetS. Across individual
components, Waist Circumference (WC) and low HDL-C were the most preva-
lent abnormalities overall (47.5% and 47.3%, respectively), followed by hypertri-
glyceridemia (33.8%), impaired fasting glucose (20.3%), and elevated blood pres-
sure (14.1%). Sex-specific patterns were evident: women more frequently pre-
sented low HDL-C (58.3% vs. 33.2% in men) and elevated WC (53.4% vs. 40.0%),
whereas men more often showed elevated blood pressure (19.5% vs. 9.9% in women)
and slightly higher elevated glucose (21.8% vs. 19.1%); triglycerides were similar
between sexes (33.9% in women vs. 33.6% in men) (Table 1, Table 2).

The distribution of individual MetS components showed that alterations in Waist
Circumference (WC) and High-Density Lipoprotein-Cholesterol (HDL-C) were
the most prevalent abnormalities among both sexes, followed by changes in Tri-
glycerides (TG), and Glucose (GLU) values.

Age (years Age range
Total Healthy 1 - 2 alterations MetS ge (years) g 8
Average (Min-Max)
Women (n) 283 77 110 96 19.0 17 - 24
Men (n) 220 80 78 62 19.0 17 - 24
Total young (n) 503 157 188 158 - -
Table 2. Distribution of altered MetS components by sex.
Women (n) Men (n)
Not
Altered % Altered Not Altered Altered % Altered
Altered
Waist Circumference (WC) 132 151 53.4% 132 88 40.0%
Glucose (GLU) 229 54 19.1% 172 48 21.8%
Blood Pressure (BP) 255 28 9.9% 177 43 19.5%
Triglycerides (TG) 187 96 33.9% 146 74 33.6%
High-Density
118 165 58.3% 147 73 33.2%

Lipoprotein-Cholesterol (HDL-C)

(Global altered totals: WC 239/503 = 47.5%; HDL-C 238/503 = 47.3%; TG 170/503
=33.8%; GLU 102/503 = 20.3%; BP 71/503 = 14.1%).

3.2. Adhesion Molecules

The soluble fractions of the endothelial adhesion molecules differed significantly
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across groups (Figure 1). Mean plasma concentrations of SICAM-1 and sE-selec-
tin were higher in participants with MetS than in both the Control and 1 - 2 alter-
ations groups, in women and men (p < 0.05). In addition, SICAM-1 values were
already elevated in men with 1 - 2 alterations compared with healthy controls (p
<0.05). Taken together, these patterns of early increases in sSICAM-1 with emerg-
ing abnormalities and marked sE-selectin elevations in overt MetS support their

potential utility as early endothelial biomarkers of metabolic syndrome.
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Figure 1. Mean (+SEM) plasma concentrations of soluble endothelial adhesion molecules
sVCAM-1, sICAM-1, and sE-selectin across metabolic groups: Control (no altered MetS
components), 1 - 2 Alt (one or two altered components), and MetS (=3 altered compo-
nents). Group differences were tested by ANOVA with Tukey post hoc. Significance levels:
p <0.05 (*), p <0.001 (**), p <0.0001 (***).

3.3. Adipokines

Mean serum concentrations of adipokines are shown in Figure 2. In men, leptin
values were significantly higher in the MetS group compared with Controls (p <
0.05), indicating an early shift toward a pro-inflammatory adipokine profile. Ad-
iponectin exhibited a non-significant decreasing trend in both sexes, whereas re-

sistin concentrations did not differ between Control and MetS groups. Among
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women, no significant differences were observed for adiponectin, resistin, or lep-
tin. Overall, these results suggest that adipokine alterations are more evident in
young men with early metabolic impairment, while women showed a more pre-

served adipokine profile at this stage.

Women Men
- - Kk
25000- P=0.21 10000 I
20000-] . 80007
£ % 6000
g 15000 -1 ‘:’L
S 40001
£ 10000 2
Q s |
3 2000
5000
" 0 T
0 T Healthy MetS
Healthy
* 30000+ P=0.08
| —— | :
40000+ = 1
E
~ 1 S
£ 30000 2 20000
=3 c
3 =
£ 20000 8
g S 10000-
< =3
o el
£ 10000 <
<
c T
0 . Healthy
Healthy MetS
200- 200-
£ 150 I £ 1501 |
2 2
= 100 = 1004
B k7]
3 8
© 501 Y 504
)} T (i T
Healthy MEtS Healthy MEtS

Figure 2. Mean (+SEM) plasma concentrations of adipokines—adiponectin, resistin, and
leptin—in young adults by metabolic status: Control (no altered MetS components) and
MetS (23 altered components). Between-group differences were assessed by #test. Signifi-
cance: p < 0.05.

3.4. Sensitivity and Specificity Analyses

Receiver Operating Characteristic (ROC) analyses were performed to derive sex-
specific cut-off points for sE-selectin and sSICAM-1 as candidate biomarkers of
metabolic alterations (Table 3 and Table 4). For sE-selectin, a threshold of 102
ng/mL provided high specificity (women, 86%; men, 71%) with modest sensitivity
(women, 38%; men, 42%). For sSICAM-1, cut-off of 700 ng/mL (women) and 760
ng/mL (men) yielded specificities of 84% and 93%, respectively, with sensitivities
of 28% and 27%. Despite limited sensitivity, both markers showed favorable Pos-
itive Predictive Values (PPV): 72% - 78%, supporting their potential utility to rule

in metabolic alterations in young adults.
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Table 3. Number of young adults classified by concentration of E-Selectin and sICAM (cut-offs from ROC, count by sex).

Women Men
Cut-off point  Healthy 1 - 2 alterations Cut-off point Healthy 1 - 2 alterations
<102 36 34 <102 29 19
E-Selectin (ng/ml)
2102 6 21 2102 12 14
<700 66 89 <760 74 57
sICAM (ng/ml)
=700 11 21 =760 6 21
Table 4. Diagnostic parameters for sE-selectin and sSICAM at the selected cut-offs (cut-0ffs from ROC, count by sex).
Women Men
E-Selectin (ng/ml)
Cutt-off point 102 ng/ml 102 ng/ml
Specificity 86% 71%
Sensitivity 38% 42%
Positive Predictive Value (PPV) 78% 54%
Negative Predictive Value (NPV) 51% 60%
sICAM (ng/ml)
Cutt-off point 700 ng/ml 760 ng/ml
Specificity 84% 93%
Sensitivity 28% 27%
Positive Predictive Value (PPV) 72% 78%
Negative Predictive Value (NPV) 45% 56%

4. Discussion

Metabolic Syndrome (MetS) represents the convergence of multiple metabolic ab-
normalities that substantially increase the risk of Type 2 Diabetes (T2D), and car-
diovascular disorders [1] [3] [7] [8] [12]. Over the last decade, most studies have
either described the prevalence of MetS in different populations or examined mo-
lecular alterations associated with its clinical expression [8] [12] [13]. However,
the majority have focused on middle-aged or older adults in whom metabolic dis-
turbances are already established, whereas research into early endothelial and in-
flammatory changes in young, apparently healthy individuals remains limited.

Early identification of biological alterations preceding overt MetS is crucial for
prevention. Our group previously reported a 14.4% prevalence of MetS in asymp-
tomatic young Mexican adults, underscoring the relevance of studying this popu-
lation [13]. The present work expands these findings by demonstrating that en-
dothelial adhesion molecules—particularly SICAM-1 and E-selectin—are already
elevated at early stages of metabolic imbalance, supporting their utility as candi-
date biomarkers of early endothelial activation.

Endothelial dysfunction is widely recognized as an initiating and central event
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in the pathophysiology of MetS and its cardiovascular complications. It is charac-
terized by reduced Nitric Oxide (NO) bioavailability, an imbalance between vas-
odilatory and vasoconstrictive factors, and heightened vascular inflammation and
oxidative stress [10] [11]. Emerging evidence suggests that endothelial dysfunc-
tion is not only a consequence of metabolic alterations but also a precipitating
factor, linking insulin resistance and vascular injury through shared inflammatory
and oxidative pathways [11] [14]. Mechanistically, mitochondrial oxidative stress,
activation of pro-inflammatory signaling cascades (e.g., NF-kB, MAPK), and im-
paired calcium-dependent endothelial responses contribute to the upregulation of
adhesion molecules (E-selectin, ICAM-1, VCAM-1), promoting leukocyte adhe-
sion and transmigration and amplifying vascular inflammation [5] [6].
Contemporary reviews highlight that these adhesion molecules function as early
biomarkers of endothelial stress, with chronic oxidative and mitochondrial dys-
function driving their elevation before overt structural vascular damage occurs
[15]. Ray et al (2023) also reported that impaired flow-mediated dilation, accom-
panied by increased adhesion molecules, constitutes an early indicator of endo-
thelial activation in cardiometabolic diseases [14]. Clinical studies further rein-
force this concept: metabolically healthy individuals with obesity exhibit higher
concentrations of SSCAM-1 and sE-selectin than metabolically healthy, non-obese
controls [16], and in T2D these markers correlate with poor glycemic control and
endothelial dysfunction [17] [18]. In young adults, elevated adhesion molecules
have been linked to early microvascular injury, even prior to clinical manifesta-
tions [18] [19]. Additionally, novel biomarkers such as endocan have been pro-
posed as complementary indicators of endothelial activation; Vatansever et al
(2025) demonstrated correlations between serum endocan, sSICAM-1, and MetS
components [11]. Altogether, these findings support the hypothesis that elevated
circulating adhesion molecules reflect early endothelial involvement in metabolic
dysregulation. Our results, showing higher SICAM-1 and E-selectin in participants
with 1 - 2 alterations and in those with MetS, are consistent with this pattern.
Sex-specific biology strongly influences the development and presentation of met-
abolic dysregulation, including endothelial dysfunction, inflammatory responses,
and adipokine signaling. In our cohort, men showed more pronounced increases
in SICAM-1, E-selectin, and leptin, whereas changes were less consistent in women.
These observations align with evidence that sex hormones, sex-chromosome-
linked gene expression, and body-fat distribution modulate vascular responses to
metabolic stress [1]-[3] [20] [21]. Estrogen enhances endothelial nitric oxide syn-
thase activity, reduces oxidative stress, suppresses NF-kB activation, and down-
regulates adhesion molecule expression, conferring vascular protection in premen-
opausal women [4] [19]. Conversely, androgens may exacerbate vascular inflam-
mation and accelerate endothelial dysfunction in men [13] [20] [21]. Beyond hor-
monal influences, sex-specific immune and vascular responses are shaped by in-
trinsic genetic and cellular mechanisms, as reported by McClements et al. (2025)
and Robert (2023) [20] [21]. Santos-Marcos et al (2023) further described how
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sex hormones modulate endothelial interactions under diet-induced dysbiosis,
producing sex-dependent vascular inflammation and altered endothelial permea-
bility [22]. Collectively, these data suggest that sex modulates both the timing and
magnitude of endothelial and inflammatory alterations in MetS. Our findings of
higher adhesion molecules in men support this evidence and underscore the im-
portance of sex-specific biomarker interpretation.

Adipose tissue functions not only as an energy reservoir but also as a dynamic
endocrine organ governing systemic metabolism, inflammation, and vascular ho-
meostasis. The balance between pro- and anti-inflammatory adipokines deter-
mines the transition from healthy adipose expansion to metabolic dysfunction [1]
[3] [4]. In our study, leptin was significantly elevated in men with MetS, while
adiponectin showed a decreasing trend and resistin remained unchanged. This
pattern reflects an early shift toward a pro-inflammatory adipokine phenotype,
consistent with reports demonstrating that leptin promotes oxidative stress, en-
dothelial activation, and vascular remodeling [23]-[26]. Reduced adiponectin im-
pairs NO bioavailability, enhances inflammatory signaling, and has been associ-
ated with endothelial dysfunction and increased cardiometabolic risk [27] [28].
Resistin, derived from macrophages and pre-adipocytes, also contributes to vas-
cular inflammation and stiffness [29]; the absence of differences in resistin in our
cohort may indicate a very early stage before macrophage infiltration intensifies.
Reviews emphasize that evaluating adipokine patterns, rather than individual
molecules, provides a more accurate representation of early metabolic risk [30].
Our findings support this multidimensional model, suggesting that adipokine im-
balance contributes to endothelial activation early in the course of metabolic de-
terioration.

From a clinical standpoint, early biomarkers should be evaluated not only through
statistical differences but also through diagnostic performance. In our cohort,
SICAM-1 and E-selectin showed high specificity and favorable PPV despite mod-
est sensitivity, reflecting strong rule-in value for early metabolic alterations. The
combined use of both biomarkers improved diagnostic accuracy, consistent with
growing evidence that multi-marker strategies enhance early detection of cardi-
ometabolic risk [24] [31]-[33]. These findings support the robustness of using ad-
hesion molecules as early endothelial indicators, particularly in populations where
metabolic disease is still subclinical.

This study has some limitations that should be considered when interpreting
the findings. Its cross-sectional design does not allow the establishment of tem-
poral or causal relationships; however, it provides a valuable snapshot of early en-
dothelial and metabolic changes in a large cohort of young adults. The sample was
drawn from a single university population, which may limit broad generalization,
yet it offers a well-defined and homogeneous group ideal for detecting early alter-
ations. Biomarkers were measured at a single time point, but this approach en-
sured standardized conditions for all participants. Additionally, inflammatory cy-

tokines such as CRP, IL-6, and TNF-a were not assessed; incorporating these
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markers in future research may help refine mechanistic interpretations. Despite
these considerations, the study provides novel and relevant evidence of early en-
dothelial activation associated with metabolic risk in young individuals.

In light of these limitations, our findings nevertheless identify SICAM-1 and E-
selectin as practical candidates for early endothelial risk assessment in young
adults. Future prospective studies should test sex-specific cut-offs, evaluate multi-
biomarker panels, and define their integration into clinical and public-health screen-
ing programes.

From a practical standpoint, the assessment of SICAM-1 and E-selectin could
complement existing metabolic screening strategies for young adults. These bi-
omarkers can be measured with widely available ELISA-based methods, require
only a single blood sample, and could be incorporated alongside routine assess-
ments such as fasting glucose, lipid profiles, and waist circumference in university
health services or primary-care settings. Their high specificity suggests that they
may be particularly valuable for identifying individuals who warrant closer meta-
bolic follow-up, despite having only mild or subclinical alterations. Integrating
these markers into early screening initiatives could facilitate timely lifestyle inter-

ventions, and targeted prevention strategies before the onset of overt MetS.

5. Conclusions

This study shows that endothelial adhesion molecules sSICAM-1 and E-selectin,
are early, non-invasive biomarkers of endothelial dysfunction in young adults with
initial metabolic alterations. Even in the absence of clinically defined MetS, ele-
vated concentrations indicate early vascular activation, supporting the notion that
endothelial stress precedes overt metabolic disease.

The high specificity and Positive Predictive Values (PPV) observed for both
markers, and the incremental diagnostic performance when they are evaluated
together, support their combined use within a multi-biomarker approach for early
cardiometabolic screening, potentially strengthening preventive strategies by en-
abling earlier identification of at-risk individuals.

A sex-specific pattern emerged, with men showing earlier and more pronounced
alterations in endothelial markers and adipokines. These differences highlight the
need for sex-aware thresholds and tailored preventive strategies in future clinical
applications.

In summary, the simultaneous assessment of sSICAM-1 and E-selectin offers a
promising and cost-effective tool, for the early detection of endothelial dysfunc-
tion and metabolic risk in apparently healthy young adults. Longitudinal studies
are warranted to confirm predictive value, refine cut-offs (by sex), and define in-

tegration into clinical and public health screening programs.
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