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Abstract
In obesity, cardiometabolic risk markers show worsening trends with increasing blood pressure (BP). We assumed that risk
markers show similar trends across BP categories (normotension, high normal BP, hypertension) in metabolic abnormalities-
free subjects (without obesity, insulin resistance, atherogenic dyslipidemia, hyperuricemia, microinflammation) and those
presenting them. Data from 2547 (48.1% males) subjects aged 16–23 years were analyzed. The prevalence of males
increased across BP categories. Forty-seven percent of individuals with elevated BP were metabolic abnormalities-free.
Among 1461 metabolic abnormalities-free subjects, 9% had high normal BP, and 4% hypertension; among 1086 individuals
presenting metabolic abnormalities, the prevalence reached 13% and 6%, respectively, (p < 0.001). Both groups displayed
similar BP values in corresponding BP categories and significant trends in markers of adiposity, insulin resistance, HDL-
cholesterol, atherogenic index of plasma, uric acid, adiponectinemia, and antioxidant capacity of plasma across BP
categories. In metabolic abnormalities-free individuals, also significant trends in soluble receptors for advanced glycation
end products were revealed. Continuous metabolic syndrome score, a measure of cardiometabolic risk, increased across BP
categories regardless of presence or absence of metabolic abnormalities. Multivariate regression models selected male
gender, fat-free mass, and uric acid as significant independent predictors for determining BP. Our data emphasize that having
a BP outside the normal range significantly worsens risk for cardiometabolic disease in young individuals even if the
thresholds for any of the risk factors are not exceeded. Longitudinal studies are needed to assess whether in patients with
elevated BP the prognosis of adverse outcomes differs between those presenting and not presenting metabolic abnormalities.

Introduction

In adults, high blood pressure (BP) strongly associates with
an increased risk for cardiovascular events, renal disease,
and mortality [1]. Increased BP in adulthood has its origins
in early youth: adult BP correlates with BP and body mass
index (BMI) in adolescence [2]. The upward trend in

adolescent high normal BP (HNBP, formerly termed pre-
hypertension) and hypertension (HT) have risen in parallel
with increasing trends in the prevalence of overweight and
obesity [3]. Juveniles with overweight- or obesity-related
HNBP and HT present biochemical profile (e.g., elevated
total cholesterol, low-density lipoprotein cholesterol (LDL-
C), triacylglycerols (TAG), fasting plasma insulin, high-
sensitive C-reactive protein (hsCRP), uric acid, reduced
high-density lipoprotein cholesterol (HDL-C), adiponectin,
insulin sensitivity markers) [4–6] indicative of increased
cardiometabolic risk.

In a representative cohort of 18–29 years old Slovaks,
elevated BP was the second most prevalent component of
metabolic syndrome, with about fourfold higher prevalence
than that of metabolic syndrome [7]. Thus, we anticipated
that a proportion of Slovaks with elevated BP presents
metabolic abnormalities-free phenotype. It remains unclear
whether cardiometabolic risk factors and biomarkers dis-
play similar trends across BP categories (NT, HNBP, HT)
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in individuals presenting and not presenting metabolic
abnormalities. We presumed that metabolic abnormalities-
free subjects will display lower BP values and more
favorable values of risk factors and biomarkers compared
with individuals presenting metabolic abnormalities, while
the trends across BP categories will be significant regardless
of the presence or absence of abnormalities. To this point,
we analyzed data obtained in a secondary-school-based
survey carried out in Bratislava region. Trends for cardio-
metabolic risk factors (i.e., proxy measures of obesity,
glucose homeostasis, lipid profile) and biomarkers
(inflammatory and oxidative status markers, uric acid,
markers of renal function, concentrations of adiponectin and
circulating soluble receptors of advanced glycation end
products (sRAGE)) across BP categories were investigated.

Subjects and methods

Study design

This study was conducted within the cross-sectional survey
“Respect for Health”, which aimed to assess the cardiome-
tabolic status of secondary school students in Bratislava
region. Participation was voluntary. The study was approved
by the Ethics Board of the Health Department of the Bra-
tislava Self-governing Region. All the procedures were in
accordance with the Declaration of Helsinki. The study pro-
tocol has been explained in detail previously [8]. A written
informed consent was obtained from the parents of children
under 18 years of age, and from the full-aged participants.
Exclusion criteria were acute or chronic illness; non-Cauca-
sian, foreign nationality; pregnancy and lactation in females.

Study population

Two thousand seven hundred forty nine White Caucasians
of Central European descent (47.9% males) aged 11–32
years participated in the study. After exclusion of 161 sub-
jects (5 displaying FPG > 6.9 mmol/l; 41 with hsCRP > 10
mg/l, and 156 probands aged < 16 or >23 years), 2547
(48.1% males) aged 16–23 years were included into present
analysis. Representative sample for 16–23-year-old enrolled
students, with 95% confidence interval and 80% power, was
calculated as 1220 boys and 1230 girls.

Anthropometric and BP measurements

Anthropometric and BP measurements were performed at
secondary schools, as described previously [8]. To ensure
uniform operating procedures, personnel was trained and
provided by written instructions on performance of mea-
surements. Anthropometric measurements were performed

in subjects wearing light clothes standing barefoot. Height
was measured with portable stadiometer, waist cir-
cumference using a flexible tape, body weight using digital
scales (Omron BF510, Kyoto, Japan) equipped for deter-
mination of total body fat percentage employing bioimpe-
dance method. BMI, waist-to-height ratio (WHtR), and fat-
free mass [9] were calculated. Three BP and heart rate
measurements using automated device (Omron M-6
COMFORT, Kyoto, Japan) were taken on the right arm,
in subjects seated for 10 min. The mean of the last two
readings was recorded.

Biochemical analyses

Blood was sampled from participants after overnight fast-
ing. At the central laboratory, blood counts (Sysmex XE-
2100 analyser, Sysmex Corporation, Kobe, Japan) and
standard blood chemistry analyses (plasma fasting glucose,
insulin, total cholesterol, HDL-C, TAG, creatinine, hsCRP,
and uric acid) were performed (ADVIA analysers, Siemens,
Erlangen, Germany). Plasma total L-homocysteine was
measured using a fluorescence polarization immunoassay
(Abbott AxSym analyzer, Abbott Park, IL, USA). In spot
urine, microalbuminuria was assessed as albumin (immu-
noturbidimetrically) to creatinine ratio. LDL-C concentra-
tion (Friedewald equation), non-HDL-C, atherogenic index
of plasma [10], the quantitative insulin sensitivity check
index (QUICKI), and estimated glomerular filtration rate
(eGFR, using Schwartz or MDRD formula, as appropriate)
were calculated. Enzyme-linked immunoassays were
employed to determine plasma concentrations of adipo-
nectin, and soluble RAGE (sRAGE, i.e., the total pool of
soluble forms of RAGE, including an endogenous secretory
RAGE (esRAGE), R&D, Minneapolis, MN, USA), and
esRAGE (B-Bridge International, Inc., Mountain View,
CA, USA) according to the manufacturers’ instructions.
Total antioxidant capacity of plasma (spectro-
photometrically) and concentrations of thiobarbituric acid
reactive substances (TBARS, fluorometrically) [11] were
measured (Sapphire II instrument, Tecan, Vienna, Austria).

Classification of BP, cardiometabolic risk factors,
and abnormalities

Normotension was classified as SBP < 130 and DBP < 85
mm Hg; HNBP as SBP 130–139 mm Hg and/or DBP
85–90 mm Hg, and HT as SBP ≥ 140 mm Hg and/or DBP ≥
90 mm Hg [12]. Since the age- and sex-specific waist
circumference percentiles for Slovak adolescents are not
published, WHtR was used as a proxy measure of
central obesity. Subjects not presenting either of cardio-
metabolic risk factors, e.g., central obesity (WHtR ≥ 0.5);
elevated fasting glycemia (≥5.6 mmol/l), elevated TAG
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(≥1.7 mmol/l), low HDL-C (<1.03 mmol/l (males) and
<1.29 mmol/l (females)); and biomarkers, e.g., elevated
atherogenic index (≥0.11), elevated uric acid (≥420 mmol/l
(males), ≥340 mmol/l (females)), elevated fasting insuline-
mia (≥20 μIU/ml), elevated hsCRP (>3 mg/l) were con-
sidered as metabolic abnormalities-free; those manifesting
≥1 risk factors or biomarkers were classified as presenting
abnormalities. Metabolic syndrome was classified as pre-
sence of ≥3 components out of 5 (e.g., SBP ≥ 130 mm Hg
and/or DBP ≥ 85 mm Hg, WHtR ≥ 0.5, plasma glucose ≥
5.6 mmol/l, TAG ≥ 1.7 mmol/l, HDL-C < 1.03 mmol/l
(males) and <1.29 mmol/l (females)). Continuous metabolic
syndrome score was calculated as WHtR/0.5+ FPG/5.6+
TAG/1.7+ SBP/130−HDL-C/1.02 (males) or 1.28
(females) [13]. To ascertain that an increasing trend of the
score across BP categories is not driven solely by increasing
BP, continuous metabolic syndrome score was alternatively
calculated by omitting the BP component from the equation.

Statistical analyses

Nonnormally distributed data were logarithmically trans-
formed. Two sets of data were compared using two-sided
Student’s t test. One-way analysis of variance (ANOVA)
was used to compare the variables between BP categories.
Post-hoc Bonferroni test was run to correct for multiple
comparisons. Frequencies were compared employing the
chi-square test. Pearson correlation coefficients were cal-
culated. Data are given as mean ± SD, or as counts and
percentages. p values < 0.05 were considered statistically
significant. Analyses were performed using the SPSS v.16
for Windows software (SPSS Inc., Chicago, IL, USA).
Multivariate analysis using the Orthogonal Projections to
Latent Structures (OPLS, Simca v.15 software, Sartorius
Stedim Data Analytics AB, Umea, Sweden) was employed
to identify the set of explanatory variables predicting the
dependent ones, e.g., SBP and DBP. WHtR, fat-free mass,
QUICKI, non-HDL-C, atherogenic index, uric acid, urinary
albumin-to-creatinine ratio, homocysteine, adiponectin,
antioxidant capacity of plasma, and esRAGE were entered
as independent variables. Prior to modeling, variables with
high skewness and low min/max ratio were logarithmically
transformed and all data were mean-centered. Variables
with variable of importance for the projection values ≥1.00
were considered as important contributors.

Results

Whole cohort

In the first step, we aimed to affirm the differences between
metabolic abnormalities-presenting and abnormalities-free

subjects (Table 1). 42.6% of participants presented meta-
bolic abnormalities. The prevalence of males was similar
among subjects presenting and not presenting metabolic
abnormalities. Individuals presenting metabolic abnormal-
ities displayed mildly but significantly higher BP values,
while the prevalence of elevated SBP or DBP did not differ
significantly between the groups. Two groups differed sig-
nificantly by all variables except for age; height; total
cholesterol, TBARS, and homocysteine concentrations; and
markers of renal function.

Next, we focused on differences cross BP categories.
84.3% of participants presented NT, 10.8% had HNBP, and
4.9% were hypertensive (Table 2). Normotensive subjects
were slightly older compared with HNBP and HT groups.
The prevalence of males rose significantly across BP cate-
gories. As expected, mean BP values increased across BP
categories and the prevalence of elevated SBP as well as
DBP was higher among hypertensive subjects compared
with those presenting HNBP. Except for total cholesterol,
hsCRP, and TBARS concentrations, eGFR and leukocyte
counts, all variables showed significant trends across BP
categories. The prevalence of metabolic syndrome and all
risk markers except for low HDL-C and elevated hsCRP
concentrations differed significantly between BP categories
(Table 2).

Continuous metabolic syndrome score, even if calculated
without the BP component, and uricemia correlated directly
with SBP and DBP (Table 3). Among anthropometric
variables, fat-free mass displayed the highest correlations
with BP, those with WHtR or BMI were much lower
(Table 3). Similarly, uricemia correlated more tightly with
fat-free mass compared with WHtR, or BMI (r= 0.668,
0.258, 0.317, respectively; p < 0.001, all).

The OPLS model indicated that (male) sex, fat-free mass,
and uric acid levels are significant predictors of both SBP
and DBP. Moreover, WHtR, QUICKI, and atherogenic
index of plasma appeared as additional independent pre-
dictors of DBP. Models explained 43 and 10% of variability
in SBP and DBP, respectively (Table 4).

Individuals presenting metabolic abnormalities

Among subjects manifesting at least one metabolic
abnormality, 80.7% were normotensive, 13% presented
HNBP, and 6.3% HT (Table 5). The prevalence of males in
HNBP and HT groups was about twofold higher compared
with their prevalence among NT subjects. Normotensive
individuals were slightly younger compared with those
presenting HT. SBP and DBP increased across BP cate-
gories. While the prevalence of elevated SBP was similar in
HNBP and HT groups, that of elevated DBP was higher
among hypertensive subjects. As in the whole group, con-
centrations of total cholesterol, hsCRP, and TBARS; eGFR

Elevated blood pressure-associated cardiometabolic risk factors and biomarkers in 16–23 years. . . 39



Table 1 Cohort characteristics in terms of presence or absence of cardiometabolic abnormalities.

All Presenting cardiometabolic
abnormalities

Not presenting
cardiometabolic abnormalities

pANOVA

N (% males) 2547 (48.1) 1086 (48.6) 1461 (47.8) 0.674Chi
Age (years) 17.5 ± 1.2 17.5 ± 1.2 17.5 ± 1.2 0.149

SBP (mm Hg) 115 ± 13 116 ± 14 114 ± 13 <0.001

DBP (mm Hg) 72 ± 8 72 ± 8 71 ± 7 <0.001

Heart rate (beats/min) 79 ± 13 80 ± 12 79 ± 13 0.015

Height (cm) 172.1 ± 9.3 171.9 ± 9.5 172.2 ± 9.2 0.844

Weight (kg) 66.8 ± 14.0 71.2 ± 16.5 63.5 ± 10.7 <0.001

Waist (cm) 73.4 ± 9.3 79.0 ± 11.2 72.6 ± 6.4 <0.001

BMI (kg/m2) 22.4 ± 3.7 24.0 ± 4.4 21.3 ± 2.5 <0.001

WHtR 0.44 ± 0.05 0.46 ± 0.06 0.42 ± 0.03 <0.001

Total body fat (%) 24.2 ± 9.5 26.8 ± 9.8 22.2 ± 8.8 0.007

Fat-free mass (kg) 48.5 ± 11.3 50.3 ± 12.2 47.2 ± 10.4 <0.001

Fasting glucose (mmol/l) 4.8 ± 0.4 4.9 ± 0.5 4.7 ± 0.4 <0.001

Fasting insulin (μIU/ml) 11.1 ± 7.4 13.8 ± 9.9 9.1 ± 3.4 <0.001

QUICKI 0.344 ± 0.026 0.335 ± .029 0.351 ± 0.022 <0.001

Cholesterol (mmol/l)) 4.05 ± 0.77 4.05 ± 0.82 4.05 ± 0.72 0.996

HDL-C (mmol/l) 1.39 ± 0.30 1.27 ± 0.30 1.48 ± 0.27 <0.001

LDL-C (mmol/l) 2.26 ± 0.61 2.32 ± 0.64 2.22 ± 0.58 <0.001

Non-HDL-C (mmol/l) 2.66 ± 0.69 2.79 ± 0.75 2.57 ± 0.63 <0.001

TAG (mmol/l) 0.88 ± 0.43 1.03 ± 0.55 0.77 ± 0.27 <0.001

Atherogenic index −0.23 ± 0.22 −0.13 ± 0.23 −0.30 ± 0.17 <0.001

Continuous MetSy score 4.3 ± 0.4 4.4 ± 0.5 4.3 ± 0.3 <0.001

Uric acid (mmol/l) 304 ± 74 322 ± 84 290 ± 62 <0.001

eGFR (ml/s/1.73 m2) 2.1 ± 0.3 2.1 ± 0.3 2.0 ± 0.3 0.741

Microalbuminuria (mg/
mmol)

0.9 ± 4.4 0.9 ± 5.6 0.9 ± 3.3 0.167

hsCRP (mg/l) 1.0 ± 1.4 1.6 ± 1.9 0.6 ± 0.6 <0.001

Adiponectin (mg/l) 20.1 ± 18.6 17.6 ± 15.4 22.0 ± 20.6 <0.001

esRAGE (μg/l) 0.34 ± 0.15 0.33 ± 0.15 0.35 ± 0.16 <0.001

sRAGE (μg/l) 1.66 ± 0.59 1.61 ± 0.59 1.69 ± 0.58 <0.001

Antioxidant capacity
(mmol/l)

1005 ± 267 1034 ± 272 984 ± 261 <0.001

TBARs (μmol/l) 1.52 ± 0.79 1.50 ± 0.79 1.54 ± 0.79 0.221

Homocysteine (μmol/l) 11.0 ± 5.1 11.2 ± 5.6 10.9 ± 4.7 0.560

Leukocytes (109/l) 6.6 ± 1.6 6.9 ± 1.8 6.4 ± 1.5 <0.001

Prevalence pChi

e-SBP (n, %) 336 (13.2) 180 (16.6) 156 (10.7) 0.777

e-DBP (n, %) 140 (5.5) 78 (7.2) 62 (4.2) 0.709

e-WHtR (n, %) 288 (11.3) 288 (26.5) 0 NA

e-fasting glucose (n, %) 108 (4.2) 108 (9.9) 0 NA

e-fasting insulin (n, %) 177 (6.9) 177 (16.3) 0 NA

l-HDL-C (n, %) 482 (18.4) 482 (44.4) 0 NA

e-triacylglycerols (n, %) 133 (5.2) 133 (12.2) 0 NA

e-atherogenic index (n, %) 158 (6.2) 158 (14.5) 0 NA

e-uric acid (n, %) 234 (9.2) 234 (21.5) 0 NA

e-hsCRP (n, %) 225 (8.8) 225 (20.7) 0 NA

Metabolic syndrome (n, %) 69 (2.7) 69 (6.4) 0 NA

Data are presented as mean ± SD or as counts (percentage), data not fitting to normal distribution (given in Italics) were logarithmically
transformed prior to statistical analysis.

SBP systolic blood pressure, DBP diastolic blood pressure, BMI body mass index, WHtR waist-to-height ratio, QUICKI quantitative insulin
sensitivity check index, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, MetSy metabolic syndrome,
eGFR estimated glomerular filtration rate, hsCRP high sensitive C-reactive protein, esRAGE endogenous secretory receptor for advanced glycation
end products, sRAGE soluble receptor for advanced glycation end products, TBARs thiobarbituric acid reactive substances, e elevated, l low, NA
not applicable.

40 K. Šebeková et al.



Table 2 Cohort characteristics in terms of blood pressure categories.

Normotensive High normal BP Hypertensive pANOVA

N (% males) 2148 (41.6) 275 (82.5) 124 (89.6) <0.001Chi
Age (years) 17.4 ± 1.2 17.6 ± 1.3* 17.8 ± 1.2** 0.001

SBP (mm Hg) 111 ± 10 131 ± 6*** 144 ± 9***,+++ <0.001

DBP (mm Hg) 70 ± 7 78 ± 7*** 84 ± 9***,+++ <0.001

Heart rate (beats/min) 79 ± 12 80 ± 15 84 ± 15***,++ <0.001

Height (cm) 170.9 ± 9.1 177.2 ± 8.4*** 180.5 ± 8.1***,+ <0.001

Weight (kg) 64.6 ± 12.5 75.9 ± 14.3*** 84.3 ± 17.5***,+++ <0.001

Waist (cm) 74.2 ± 8.5 80.3 ± 9.4*** 85.7 ± 11.8***,+++ <0.001

BMI (kg/m2) 22.0 ± 3.4 24.1 ± 3.7*** 25.8 ± 5.0***,+++ <0.001

WHtR 0.43 ± 0.05 0.45 ± 0.05*** 0.48 ± 0.07***,+++ <0.001

Total body fat (%) 24.5 ± 9.6 21.8 ± 8.7*** 23.4 ± 8.8 <0.001

Fat-free mass (kg) 46.6 ± 10.4 57.0 ± 10.2*** 62.2 ± 10.0***,+++ <0.001

Fasting glucose (mmol/l) 4.8 ± 0.4 4.9 ± 0.4*** 4.9 ± 0.4*** <0.001

Fasting insulin (μIU/ml) 10.8 ± 7.0 12.6 ± 9.4** 13.1 ± 8.2*** <0.001

QUICKI 0.345 ± 0.026 0.338 ± 0.027*** 0.335 ± 0.028*** <0.001

Cholesterol (mmol/l)) 4.05 ± 0.76 4.07 ± 0.74 4.05 ± 0.82 0.893

HDL-C (mmol/l) 1.41 ± 0.30 1.30 ± 0.27*** 1.28 ± 0.27*** <0.001

LDL-C (mmol/l) 2.25 ± 0.61 2.36 ± 0.58* 2.31 ± 0.65 0.012

Non-HDL-C (mmol/l) 2.64 ± 0.68 2.78 ± 0.70** 2.77 ± 0.79 0.002

TAG (mmol/l) 0.87 ± 0.42 0.93 ± 0.48 0.98 ± 0.57* 0.013

Atherogenic index −0.24 ± 0.21 −0.19 ± 0.22*** −0.16 ± 0.23*** <0.001

Continuous MetSy score 4.3 ± 0.4 4.5 ± 0.4*** 4.7 ± 0.4***,+++ <0.001

Uric acid (mmol/l) 296 ± 71 340 ± 70*** 368 ± 64***,+++ <0.001

eGFR (ml/s/1.73 m2) 2.1 ± 0.3 2.0 ± 0.4 2.0 ± 0.3 0.775

Microalbuminuria (mg/mmol) 0.9 ± 4.6 0.7 ± 2.4** 1.0 ± 4.5 0.001

hsCRP (mg/l) 1.0 ± 1.4 1.0 ± 1.6 1.1 ± 1.6 0.296

Adiponectin (mg/l) 20.9 ± 19.3 15.8 ± 13.4*** 15.7 ± 15.3*** <0.001

esRAGE (μg/l) 0.34 ± 0.15 0.34 ± 0.16 0.31 ± 0.13* 0.012

sRAGE (μg/l) 1.67 ± 0.59 1.63 ± 0.59 1.53 ± 0.50* 0.036

Antioxidant capacity (mmol/l) 991 ± 265 1064 ± 271*** 1113 ± 250*** <0.001

TBARs (μmol/l) 1.51 ± 0.79 1.54 ± 0.75 1.65 ± 0.76 0.079

Homocysteine (μmol/l) 10.9 ± 4.8 11.7 ± 5.9** 12.4 ± 7.3** <0.001

Leukocytes (109/l) 6.6 ± 1.7 6.4 ± 1.4 6.8 ± 1.5 0.137

Prevalence pChi

e-SBP (n, %) – 221 (80.4) 115 (92.0) 0.003

e-DBP (n, %) – 79 (28.7) 61 (48.8) <0.001

e-WHtR (n, %) 200 (9.3) 49 (17.8) 39 (31.2) <0.001

e-fasting glucose (n, %) 78 (3.6) 21 (7.6) 9 (7.2) 0.002

e-fasting insulin (n, %) 136 (6.3) 25 (9.1) 16 (12.8) 0.007

l-HDL-C (n, %) 413 (19.2) 48 (17.5) 21 (16.8) 0.659

e-triacylglycerols (n, %) 102 (4.7) 21 (7.6) 10 (8. 0) 0.044

e-atherogenic index (n, %) 118 (5.5) 27 (9.8) 13 (10.4) 0.003

e-uric acid (n, %) 167 (7.8) 41 (14.9) 26 (20.8) <0.001

e-hsCRP (n, %) 191 (8.9) 23 (8.4) 11 (8.8) 0.977

Metabolic syndrome (n, %) 17 (0.8) 31 (11.3) 21 (16.8) <0.001

Data are presented as mean ± SD or as counts (percentage). Data not fitting to normal distribution (given in Italics) were logarithmically
transformed prior to statistical analysis.

BP blood pressure, SBP systolic blood pressure, DBP diastolic blood pressure, BMI body mass index, WHtR waist-to-height ratio, QUICKI
quantitative insulin sensitivity check index, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, MetSy
metabolic syndrome, eGFR estimated glomerular filtration rate, hsCRP high sensitive C-reactive protein, esRAGE endogenous secretory receptor
for advanced glycation end products, sRAGE soluble receptor for advanced glycation end products, TBARs thiobarbituric acid reactive substances,
e elevated, l low.

*p < 0.05 vs. normotensive; **p < 0.01 vs. normotensive; ***p < 0.001 vs. normotensive.
+p < 0.05 vs. high normal BP; ++p < 0.01 vs. high normal BP; +++p < 0.001 vs. high normal BP.

Elevated blood pressure-associated cardiometabolic risk factors and biomarkers in 16–23 years. . . 41



and leukocyte counts did not differ significantly between
BP categories. Moreover, three groups displayed similar
TAG, sRAGE, and esRAGE levels. All other variables
showed significant trends across BP categories, however,
the post-hoc test failed to indicate significance for HDL-C
and urinary albumin-to-creatinine ratio. The increasing
trend in metabolic syndrome score (Table 5) remained
significant even after the exclusion of BP component (NT:
3.46 ± 0.43, HNBP: 3.61 ± 0.44, HT: 3.72 ± 0.47; p <
0.001). The prevalence of central obesity, elevated uric acid
levels, and that of metabolic syndrome rose across BP
categories, while that of low HDL-C was the highest among
normotensive subjects (Table 5).

Continuous metabolic syndrome score (regardless
whether calculated with or without the BP component),
and uric acid level correlated directly with SBP, as well as
DBP (Table 3). As in the entire cohort, fat-free mass
showed the highest association with SBP. BMI displayed
the highest correlation with DBP (Table 3). Uric acid
concentration correlated significantly with fat-free mass,
WHtR, and BMI (r= 0.648, 0.225, 0.287, respectively;
p < 0.001, all).

In multivariate analysis, (male) sex, fat-free mass,
WHtR, and uric acid were significant independent pre-
dictors of both SBP and DBP. The model described 46% of
variability in SBP, and 13% in DBP (Table 4).

Individuals not presenting metabolic abnormalities

In abnormalities-free subjects, the prevalence of NT,
HNBP, and HT reached 87%, 9.2%, and 3.8%, respectively
(Table 6). As in the group presenting metabolic abnormal-
ities, the prevalence of males among subjects with HNBP
and HT was about twofold higher compared with their
prevalence among normotensive subjects. SBP and DBP
increased across three BP categories but mean BP values in
corresponding BP categories (NT, HNBP, HT) did not
differ significantly between subjects presenting and not
presenting metabolic abnormalities. The prevalence of ele-
vated SBP as well as that of DBP was higher among
hypertensive subjects compared with those presenting
HNBP. However, in corresponding BP categories, the pre-
valence did not differ significantly between subjects with or
without metabolic abnormalities (elevated SBP: p= 0.262
and 0.732, respectively; elevated DBP: p= 0.231 and
0.733, respectively; Tables 5 and 6). As in metabolic
abnormalities-presenting subjects, we did not reveal sig-
nificant trends across BP categories for total cholesterol,
TAG, eGFR, hsCRP, TBARS, and leukocyte counts.
However, abnormalities-free subjects generally presented
lower mean values of TAG, hsCRP, and leukocyte counts.
We neither revealed significant trends across BP categories
for age; heart rate; fasting insulin, LDL-C, non-HDL-C, and
homocysteine concentrations; or urinary albumin-to-
creatinine ratio. Nevertheless, metabolic abnormalities-free
subjects displayed lower insulin and non-HDL-C levels
compared with their peers presenting abnormalities.
Anthropometric measures showed significant trends and
differences across BP categories. Except for height, they
differed significantly from those in corresponding BP
category of individuals presenting abnormalities. In contrast
to findings in metabolic abnormalities-presenting indivi-
duals, trends across BP categories for glycemia, sRAGE,
and esRAGE concentrations were significant in
abnormalities-free subjects. These variables also differed
significantly between two groups of normotensive indivi-
duals. All other variables showed significant trends across
BP categories and in most BP categories differed sig-
nificantly from the values observed in subjects presenting
abnormalities (Table 6). Metabolic syndrome score showed
an increasing trend across BP categories even if calculated
by omitting the BP component (NT: 3.42 ± 0.26, HNBP:
3.47 ± 0.27, HT: 3.52 ± 0.26; p= 0.003).

Continuous metabolic syndrome score and uricemia
correlated directly with SBP and DBP (Table 3). Among
anthropometric variables, fat-free mass showed the highest
correlation with SBP or DBP (Table 3), as well as with
uricemia (fat-free mass: r= 0.679; WHtR: r= 0.147; BMI:
r= 0.229; p < 0.001, all).

Table 3 Correlations between systolic or diastolic blood pressure and
continuous metabolic syndrome score, uric acid, and anthropometric
variables.

cMSS cMSS without BP component Uric acid WHtR BMI Fat-free mass

Whole cohort

SBP

r 0.436 0.185 0.461 0.260 0.361 0.656

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

DBP

r 0.302 0.153 0.181 0.208 0.237 0.244

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Subjects presenting cardiometabolic abnormalities

SBP

r 0.438 0.237 0.472 0.315 0.405 0.674

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

DBP

r 0.312 0.189 0.205 0.280 0.318 0.312

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Cardiometabolic abnormalities-free subjects

SBP

r 0.448 0.116 0.449 0.184 0.324 0.638

p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

DBP

r 0.286 0.093 0.122 0.054 0.085 0.172

p <0.001 <0.001 <0.001 0.041 0.001 <0.001

cMSS continuous metabolic syndrome score, BP blood pressure, WHtR
waist-to-height ratio, BMI body mass index, SBP systolic blood pressure,
DBP diastolic blood pressure, r Pearson correlation coefficient.

42 K. Šebeková et al.



Multivariate model indicated that (male) sex, fat-free
mass, and uric acid are significant determinants of SBP or
DBP. QUICKI and atherogenic index were selected as
additional significant predictors of DBP. Variability in SBP
or DBP explained by the models was 41% and 6%,
respectively (Table 4).

Discussion

Different methodologies and age differences of studied
cohorts complicate the comparison of published data on
the prevalence of HNBP, HT, or elevated BP (i.e., HNBP
+HT) in juveniles. The prevalence of elevated BP in our
study (16%) is in line with 18% prevalence reported for a
presentative cohort of 18–29-year-old Slovaks [7]. In
White Caucasian adolescents, the prevalence of HNBP
varies between 8 and 55%, and that of HT reaches 2–22%,
with higher prevalence in males compared with females
and overweight/obese individuals compared with normal
weight subjects [9, 14–16]. The prevalence in our study
(HNBP:11%, HT:5%) fits into the above-mentioned ran-
ges. It is difficult to determine whether it realistically
reflects the prevalence among secondary school students
in Bratislava region or is biased by voluntary participation
since we have no data on individuals who did not take part
in the survey.

In our study, almost half (e.g., 47%) of young individuals
with elevated BP were metabolic abnormalities-free, i.e.,
insulin sensitive, not presenting central obesity, atherogenic
dyslipidemia, hsCRP > 3 mg/l, or hyperuricemia. In contrast

to our hypothesis, these subjects displayed similar mean BP
values across BP categories as their peers presenting
metabolic abnormalities. Thus, the presence of metabolic
abnormalities neither seemed to be a prerequisite for man-
ifestation of HNBP or HT nor it indicated a more severe
elevation of BP. As expected, individuals manifesting
abnormalities displayed less favorable values of all risk
factors and of almost all biomarkers compared with their
abnormalities-free counterparts. However, continuous
metabolic syndrome score increased across BP categories
both in metabolic abnormalities-presenting (by about 12%)
and abnormalities-free individuals (by about 9%). Con-
tinuous metabolic syndrome score allows for exact esti-
mation of the individual cardiometabolic burden even in
individuals not presenting with metabolic syndrome [17]. In
juveniles, it associates with atherosclerotic risk assessed as
carotid arterial stiffness [18]. Childhood continuous meta-
bolic syndrome score is a reliable predictor of cardiometa-
bolic risk in adulthood and in adults it predicts long-term
risk of development of cardiometabolic disease, cardiovas-
cular and overall mortality [19–21]. Thus, even the presence
of “asymptomatic” HNBP or HT indicates an increased
cardiometabolic risk. In all patients with elevated BP,
attention should be paid even to changes in risk factors and
markers occurring within the “normal range.”

BP increases with increasing measures of general and
central obesity and the prevalence of HNBP and HT is
higher in overweight and obese adolescents compared with
those displaying normal weight [14, 15]. However, a recent
large study in young adults [9], as well as our data, show
that association between BP and fat-free mass is much

Table 4 Multivariate regression
on systolic and diastolic blood
pressure using the orthogonal
projections to latent structures.

Systolic blood pressure Diastolic blood pressure

All Presenting CMA Without CMA All Presenting CMA Without CMA

Sex 1.62 1.60 1.63 1.24 1.27 1.36

WHtR 0.78 1.02 0.71 1.32 1.50 0.61

Fat-free mass 1.72 1.70 1.66 1.41 1.49 1.41

QUICKI 0.35 0.41 0.67 1.12 0.99 1.19

Non-HDL-C 0.11 0.25 0.45 0.96 0.98 0.81

Atherogenic index 0.74 0.62 0.51 1.07 0.85 1.02

Uric acid 1.37 1.34 1.37 1.21 1.17 1.23

U-albumin/creatinine 0.45 0.43 0.43 0.36 0.42 0.54

Homocysteine 0.61 0.69 0.56 0.52 0.47 0.80

Adiponectin 0.63 0.46 0.68 0.61 0.57 0.58

Antioxidant capacity 0.70 0.78 0.62 0.67 0.59 0.94

esRAGE 0.29 0.21 0.51 0.44 0.43 0.42

R2 0.43 0.46 0.41 0.10 0.13 0.06

CMA cardiometabolic abnormalities, WHtR waist-to-height ratio, QUICKI quantitative insulin sensitivity
check index, non-HDL-C nonhigh density lipoprotein cholesterol, esRAGE endogenous secretory receptor
for advanced glycation end products, variables with variable of importance for the projection (VIP) values ≥
1.00 were considered as important contributors (bold), R2 variability of the dependent variable explained by
the model.
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Table 5 Characteristic of subjects presenting cardiometabolic abnormalities.

Normotensive High normal BP Hypertensive pANOVA

N (% males) 876 (40.1) 141 (82.3) 69 (88.4) <0.001Chi
Age (years) 17.5 ± 1.2 17.7 ± 1.2 17.9 ± 1.2* 0.003

SBP (mm Hg) 111 ± 10 131 ± 6*** 143 ± 9***,+++ <0.001

DBP (mm Hg) 70 ± 6 79 ± 7*** 85 ± 9***,+++ <0.001

Heart rate (beats/min) 80 ± 12 81 ± 15** 85 ± 14 0.002

Height (cm) 170.5 ± 9.2 176.7 ± 8.5*** 180.0 ± 8.6***,+ <0.001

Weight (kg) 68.2 ± 14.8 80.4 ± 15.8*** 90.8 ± 18.7***,+++ <0.001

Waist (cm) 77.3 ± 10.4 84.0 ± 10.3*** 91.4 ± 11.9***,+++ <0.001

BMI (kg/m2) 23.4 ± 4.1 25.7 ± 4.1*** 28.0 ± 5.4***,+++ <0.001

WHtR 0.45 ± 0.06 0.48 ± 0.06*** 0.51 ± 0.07***,+++ <0.001

Total body fat (%) 27.2 ± 9.9 24.4 ± 9.0** 27.6 ± 8.9 0.006

Fat-free mass (kg) 47.8 ± 11.1 58.9 ± 10.5*** 64.4 ± 10.5***,++ <0.001

Fasting glucose (mmol/l) 4.8 ± 0.5 5.0 ± 0.5** 4.9 ± 0.5 0.006

Fasting insulin (μIU/ml) 13.4 ± 9.5 15.5 ± 12.0* 15.5 ± 9.8 0.005

QUICKI 0.336 ± 0.029 0.328 ± 0.028** 0.329 ± 0.031 0.002

Cholesterol (mmol/l)) 4.03 ± 0.82 4.15 ± 0.82 4.16 ± 0.89 0.139

HDL-C (mmol/l) 1.28 ± 0.30 1.22 ± 0.28 1.21 ± 0.27 0.019a

LDL-C (mmol/l) 2.29 ± 0.63 2.45 ± 0.62* 2.42 ± 0.67 0.011

Non-HDL-C (mmol/l) 2.75 ± 0.74 2.93 ± 0.77* 2.96 ± 0.85 0.005

TAG (mmol/l) 1.01 ± 0.53 1.06 ± 0.57 1.15 ± 0.69 0.128

Atherogenic index −0.14 ± 0.23 −0.11 ± 0.24 −0.06 ± 0.24* 0.019

Continuous MetSy score 4.3 ± 0.4 4.6 ± 0.4*** 4.8 ± 0.5***,++ <0.001

Uric acid (mmol/l) 311 ± 82 360 ± 76*** 389 ± 68***,+ <0.001

eGFR (ml/s/1.73 m2) 2.1 ± 0.3 2.0 ± 0.4 2.1 ± 0.3 0.785

Microalbuminuria (mg/mmol) 1.0 ± 6.2 0.5 ± 0.5 0.5 ± 0.5 0.014a

hsCRP (mg/l) 1.6 ± 1.9 1.5 ± 2.0 1.7 ± 2.0 0.461

Adiponectin (mg/l) 18.2 ± 16.0 15.2 ± 12.1* 14.0 ± 13.2** <0.001

esRAGE (μg/l) 0.33 ± 0.15 0.33 ± 0.15 0.31 ± 0.14 0.625

sRAGE (μg/l) 1.62 ± 0.60 1.56 ± 0.53 1.55 ± 0.53 0.602

Antioxidant capacity (mmol/l) 1021 ± 270 1078 ± 294 1106 ± 231* 0.005

TBARs (μmol/l) 1.49 ± 0.79 1.52 ± 0.77 1.63 ± 0.78 0.251

Homocysteine (μmol/l) 10.9 ± 5.2 11.6 ± 5.5** 13.2 ± 9.1 0.001

Leukocytes (109/l) 7.0 ± 1.8 6.7 ± 1.7 6.9 ± 1.5 0.313

Prevalence pChi

e-SBP (n, %) – 117 (83.0) 63 (91.3) 0.105

e-DBP (n, %) – 45 (31.9) 33 (47.8) 0.025

e-WHtR (n, %) 200 (22.8) 49 (34.8) 39 (56.5) <0.001

e-fasting glucose (n, %) 78 (8.9) 21 (14.9) 9 (13.0) 0.059

e-fasting insulin (n, %) 136 (15.5) 25 (17.7) 16 (23.2) 0.223

l-HDL-C (n, %) 413 (47.1) 48 (34.0) 21 (30.4) 0.001

e-triacylglycerols (n, %) 102 (11.6) 21 (14.9) 10 (14.5) 0.463

e-atherogenic index (n, %) 118 (13.5) 27 (19.1) 13 (18.8) 0.120

e-uric acid (n, %) 167 (19.1) 41 (29.1) 26 (37.7) <0.001

e-hsCRP (n, %) 191 (21.8) 23 (16.3) 11 (15.9) 0.197

Metabolic syndrome (n, %) 17 (1.9) 31 (22.0) 21 (30.4) <0.001

Data are presented as mean ± SD or as counts (percentage). Data not fitting to normal distribution (given in Italics) were logarithmically
transformed prior to statistical analysis.

BP blood pressure, SBP systolic blood pressure, DBP diastolic blood pressure, BMI body mass index, WHtR waist-to-height ratio, QUICKI
quantitative insulin sensitivity check index, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, MetSy
metabolic syndrome, eGFR estimated glomerular filtration rate, hsCRP high sensitive C-reactive protein, esRAGE endogenous secretory receptor
for advanced glycation end products, sRAGE soluble receptor for advanced glycation end products, TBARs thiobarbituric acid reactive substances,
e elevated, l low.

*p < 0.05 vs. normotensive; **p < 0.01 vs. normotensive; ***p < 0.001 vs. normotensive.
+p < 0.05 vs. high normal BP; ++p < 0.01 vs. high normal BP; +++p < 0.001 vs. high normal BP.
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Table 6 Characteristics of subjects not presenting cardiometabolic abnormalities.

Normotensive High normal BP Hypertensive pANOVA

N (% males) 1272 (42.6) 134 (79.1) 55 (90.9) <0.001Chi
Age (years) 17.4 ± 1.2 17.6 ± 1.3 17.7 ± 1.0 0.170

SBP (mm Hg) 110 ± 10 131 ± 6*** 146 ± 9***,+++ <0.001

DBP (mm Hg) 70 ± 7o 78 ± 7*** 83 ± 8***,+++ <0.001

Heart rate (beats/min) 79 ± 12 79 ± 16 83 ± 16 0.065

Height (cm) 171.3 ± 9.0 177.7 ± 8.3*** 181.2 ± 7.4***,+ <0.001

Weight (kg) 62.2 ± 10.0ooo 71.0 ± 10.7***,ooo 76.1 ± 11.4***,++,ooo <0.001

Waist (cm) 72.0 ± 6.1ooo 76.4 ± 6.4***,ooo 76.1 ± 11.4***,++,ooo <0.001

BMI (kg/m2) 21.1 ± 2.4ooo 22.4 ± 2.4***,ooo 23.1 ± 2.7***,ooo <0.001

WHtR 0.42 ± 0.03ooo 0.43 ± 0.03**,ooo 0.43 ± 0.03*,ooo <0.001

Total body fat (%) 22.7 ± 8.9ooo 19.2 ± 7.5***,ooo 18.8 ± 5.1***,ooo <0.001

Fat-free mass (kg) 45.8 ± 9.8ooo 55.0 ± 6.6***,o 59.4 ± 8.7***,+ <0.001

Fasting glucose (mmol/l) 4.7 ± 0.4ooo 4.8 ± 0.3*** 4.9 ± 0.3*** <0.001

Fasting insulin (μIU/ml) 9.0 ± 3.4ooo 9.4 ± 3.6ooo 10.1 ± 3.8oo 0.409

QUICKI 0.351 ± 0.022ooo 0.348 ± 0.022ooo 0.343 ± 0.020*,o 0.004

Cholesterol (mmol/l)) 4.06 ± 0.73 3.99 ± 0.64 3.91 ± 0.72 0.189

HDL-C (mmol/l) 1.50 ± 0.28ooo 1.38 ± 0.23***,ooo 1.38 ± 0.23**,o <0.001

LDL-C (mmol/l) 2.22 ± 0.59 2.26 ± 0.53 2.18 ± 0.60 0.612

Non-HDL-C (mmol/l) 2.57 ± 0.63ooo 2.62 ± 0.58oo 2.53 ± 0.65o 0.623

TAG (mmol/l) 0.77 ± 0.27ooo 0.78 ± 0.28ooo 0.78 ± 0.26ooo 0.937

Atherogenic index −0.31 ± 0.17ooo −0.27 ± 0.17*,ooo −0.27 ± 0.18ooo 0.013

Continuous MetSy score 4.3 ± 0.3ooo 4.5 ± 0.4***,o 4.6 ± 0.3***,++ <0.001

Uric acid (mmol/l) 285 ± 61ooo 319 ± 56***,ooo 340 ± 45***,oo <0.001

eGFR (ml/s/1.73 m2) 2.1 ± 0.3 2.1 ± 0.3 2.0 ± 0.3 0.397

Microalbuminuria (mg/mmol) 0.9 ± 3.1 0.9 ± 3.4 1.5 ± 6.8 0.106

hsCRP (mg/l) 0.6 ± 0.6ooo 0.6 ± 0.5ooo 0.5 ± 0.4ooo 0.918

Adiponectin (mg/l) 22.7 ± 21.1ooo 16.5 ± 14.6*** 17.8 ± 17.5 <0.001

esRAGE (μg/l) 0.36 ± 0.16ooo 0.35 ± 0.17 0.30 ± 0.12* 0.011

sRAGE (μg/l) 1.70 ± 0.5oo 1.70 ± 0.63 1.51 ± 0.47* 0.048

Antioxidant capacity (mmol/l) 971 ± 260ooo 1049 ± 245*** 1121 ± 273*** <0.001

TBARs (μmol/l) 1.50 ± 0.79 1.57 ± 0.74 1.67 ± 0.74 0.235

Homocysteine (μmol/l) 10.8 ± 4.5 11.8 ± 6.3 11.4 ± 4.1 0.052

Leukocytes (109/l) 6.4 ± 1.5ooo 6.1 ± 1.1o 6.6 ± 1.5 0.113

Prevalence pChi

e-SBP – 104 (77.6) 52 (94.5) 0.005

e-DBP – 34 (25.4) 28 (50.9) <0.001

Data are presented as mean ± SD or as counts (percentage). Data not fitting to normal distribution (given in Italics) were logarithmically
transformed prior to statistical analysis.

BP blood pressure, SBP systolic blood pressure, DBP diastolic blood pressure, BMI body mass index, WHtR waist-to-height ratio, QUICKI
quantitative insulin sensitivity check index, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, MetSy
metabolic syndrome, eGFR estimated glomerular filtration rate, hsCRP high sensitive C-reactive protein, esRAGE endogenous secretory receptor
for advanced glycation end products, sRAGE soluble receptor for advanced glycation end products, TBARs thiobarbituric acid reactive substances,
e elevated, l low.

*p < 0.05 vs. normotensive; **p < 0.01 vs. normotensive; ***p < 0.001 vs. normotensive.
+p < 0.05 vs. high normal BP; ++p < 0.01 vs. high normal BP; +++p < 0.001 vs. high normal BP.
op < 0.05 vs. corresponding BP group of subjects presenting cardiometabolic abnormalities; oop < 0.01 vs. corresponding BP group of subjects
presenting cardiometabolic abnormalities; ooop < 0.001 vs. corresponding BP group of subjects presenting cardiometabolic abnormalities.
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stronger than that with BMI or WHtR. Fat-free mass was a
strong independent predictor of both SBP and DBP
regardless of presence or absence of metabolic abnormal-
ities. High impact of fat-free mass on BP is probably sec-
ondary, reflecting the high correlation between fat-free mass
and uric acid levels [9], documented also in our study.
Accordingly, the multivariate analysis confirmed a sig-
nificant impact of uricemia on BP in all settings. This
finding supports the hypothesis that uric acid plays a role in
the early pathogenesis of primary HT in juveniles [22].
Moreover, uric acid may induce insulin resistance and
higher uric acid levels increase the risk of later development
of atherogenic dyslipidemia [23, 24]. Albeit insulin sensi-
tivity decreased and markers of atherogenic dyslipidemia
worsened across BP categories, in multivariate analysis they
showed a significant impact only on DBP, in the entire
cohort and subjects not presenting metabolic abnormalities.
Thus, male gender, fat-free mass, and uric acid give a large
contribution in determining BP in young population with
rather low prevalence of central obesity. However, sub-
stantially higher prevalence of elevated BP in our males as
well as known sex differences in the pathophysiology of
metabolic syndrome and presentation of metabolic
abnormalities [7, 25] raise the question whether our findings
on trends across BP categories apply equally to males and
females.

Adolescents with obesity-associated HT present low
adiponectin levels [6]. Recent data suggest that a negative
association between adiponectin and BP is independent of
fatness and insulin resistance [26]. Despite that adipo-
nectinemia showed a decreasing trend across BP categories,
in multivariate regression it did not associate with BP in
either group. Thus, decline in adiponectinemia across BP
categories probably rather reflected increasing adiposity and
a rising prevalence of males who display lower adiponectin
concentrations compared with females. Elevation of BP
per se probably does not elicit decline in adiponectinemia.

Oxidative stress my act as a trigger of both inflammation
and HT, while it remains unclear whether inflammation is a
cause or effect of HT, with evidence to support either sce-
nario in a likely vicious cycle [27]. Data on inflammatory
and oxidative status markers in juveniles with elevated BP
are scares. Elevated BP associated with elevated inflam-
matory markers (mostly analyzed by the hsCRP assay) [28].
We did not reveal significant trends in leukocyte counts or
in hsCRP concentrations across BP categories. Juveniles
with essential HT presented higher levels of lipid perox-
idation products and oxidized-to-reduced glutathione ratio
compared with BMI-matched normotensive controls [29].
In our cohort, antioxidant capacity of plasma increased
while lipid peroxidation products (TBARS) remained
unchanged across BP categories. Via induction of oxidative
and inflammatory damage to vasculature, homocysteine

may cause changes that finally manifest in rise in BP [30].
In contrast with a different study in young subjects [28], we
revealed a rise of homocysteine levels across BP categories
in subjects presenting metabolic abnormalities. However,
the multivariate analysis results do not support an associa-
tion between homocysteine levels and BP. The role of
imbalance in oxidative status and associated chronic low-
grade inflammation in the pathogenesis of HT in juveniles
requires further studies.

Circulating variants of RAGE may competitively inhibit
binding of ligands to cell-membrane-bound RAGE, thus
ameliorate responses toward tissue dysfunction resulting
from oxidative stress generation, inflammatory, atherogenic,
and diabetogenic responses [31, 32]. In adults, virtually all
components of metabolic syndrome show significant rela-
tionship with sRAGE [33]. Hypertensive adults present
lower sRAGE levels compared with their normotensive
counterparts and an inverse association between BP and
sRAGE levels [33, 34]. Despite that we observed a
decreasing trend in sRAGE and esRAGE levels across BP
categories in the whole cohort and in metabolic
abnormalities-free individuals, in multivariate analysis
esRAGE did not appear as a significant predictor of BP.
However, a declining trend observed in the group not pre-
senting metabolic abnormalities warrants attention since
low sRAGE levels indicate in nondiabetic subjects an
increased risk of development of diabetes, cardiovascular
disease, or death [35].

The strength of our study comprises a large cohort of
young subjects, suitable to explore metabolic changes
occurring “early” given to onset of BP elevation; simulta-
neous determination of cardiometabolic risk factors and
numerous biomarkers; and cardiometabolic characteristics
of subjects with HNBP and HT not presenting additional
metabolic abnormalities. Limitations follow from voluntary
participation and potential participation of close relatives.
Our data based on a single-occasion assessment of BP
neither can be viewed as clinical diagnosis of HNBP or HT
nor as a reliable estimate of the prevalence of metabolic
abnormalities-free elevated BP phenotype. Assessed risk
factors and biomarkers poorly explained variability in DBP,
suggesting that other variables not investigated herein, such
as genetic background, family history, socio-economic
status, behavioral patterns, or other biochemical markers,
are more robust determinants of BP. The cross-sectional
study design only allows for the establishment of associa-
tions and not causal relationships. There is a limitation of
generalizing our findings to populations with different epi-
demiological, anthropometric, or clinical characteristics.

Cardiometabolic risk is a continual progressive function
and it cannot simply be assumed as present or absent,
depending on whether thresholds of risk factors are excee-
ded or not. We show that elevated BP associates with
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concomitant rise in severity of cardiometabolic risk deter-
mined as continuous metabolic syndrome score even in
“asymptomatic” subjects, e.g., those not presenting a single
risk factor or marker exceeding the increased risk-indicating
cut-off point. Since the calculation of continuous metabolic
syndrome score is easy, it should be recommended as an
estimate of the baseline risk at diagnosis of elevated BP, as
well as for longitudinal assessment of individual’s cardio-
metabolic risk in clinical practice. As the prevalence of all
metabolic abnormalities increases with ageing, question
arises to what extent is the elevated BP-associated meta-
bolic abnormalities-free phenotype a transient condition.
Data on prognosis of adverse outcomes in metabolic
abnormalities-free patients with HNBP and HT, compared
with normotensive with or without abnormalities, or those
with elevated BP presenting abnormalities, are lacking.
Thus, further studies are needed to estimate the clinical
impact of presentation of elevated BP metabolic
abnormalities-free phenotype.

Summary

What is known about this topic

● High BP, an important risk factor for mortality in adults,
has its origin in early youth.

● Juveniles with obesity-associated elevated BP present
blood chemistry profile indicative of increased
cardiometabolic risk.

What this study adds

● About a half of 16–23 years old Slovak students with
elevated BP present metabolic abnormalities-free phe-
notype (i.e., without central obesity, insulin resistance,
atherogenic dyslipidemia, hyperuricemia, or elevated
hsCRP).

● Across BP categories (normotension, HNBP, HT),
abnormalities-presenting, and abnormalities-free subjects
display similar mean SBP and DBP. Cardiometabolic risk
factors and markers, and continuous metabolic syndrome
score (a proxy measure of cardiometabolic risk), show
worsening trends across BP categories regardless of
presence or absence of metabolic abnormalities.

● Male gender, fat-free mass, and uric acid levels are
independent predictors of BP in metabolic abnormalities-
free and abnormalities-presenting young subjects.
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