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Summary

Obesity is considered an important factor contributing to the
development of atherosclerosis. Inflammation plays a key role in
(ED), an
atherosclerotic process. Several microRNAs (miRNAs) may play

endothelial  dysfunction initial stage of the
an important role in the inflammatory process, but there is a lack
of information about their participation in the early stages of
atherosclerosis development in patients with obesity. We aimed
to assess the relations between plasma concentration of selected
miRNAs, ED evaluated by reactive hyperemia index (RHI),
in the
pathogenesis of atherosclerosis in adolescents and young adults
with  obesity.

15-25 years) were divided

inflammatory markers and other factors involved

Participants (30 males, 30 females; aged

into two groups: those with
overweight/obesity (OW/O) (20 males, 20 females) and controls
(C) (10 males, 10 females). The plasma concentrations of
inflammatory markers, cytokines, adipocytokines, markers of lipid
selected miRNAs

-126, -146a, -155) were analyzed. No significant

profile metabolism and
(miR-92,

differences in any of the miRNAs were found between the

and glucose

groups. MiR-146a correlated positively with RHI. Dividing the
group by sex showed more significant associations between
miRNA and analyzed parameters (IL-6, fasting glycemia) in men.
Several observed correlations indicate a potential role of miRNAs

in inflammation, the atherosclerotic process and glycemic control,
primarily in male subjects with obesity. The relatively low number
of observed associations between assessed parameters related to
obesity and the pathogenesis of its complications could be
attributed to the early stage of the atherosclerotic process in
young subjects with obesity, where only subtle abnormalities are
expectedly found.
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Introduction

Obesity is a chronic, complex and multifactorial
disease characterized by the excessive accumulation of
body fat.
complications of obesity, which previously occurred only

A large body of evidence shows that

in adulthood — e.g. dyslipidemia, atherosclerosis, arterial
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diabetes
mellitus type 2 — are increasingly found in adolescents

hypertension, impaired glucose tolerance,
and young adults with obesity [1].

Various mechanisms connecting obesity with
cardiovascular diseases have been proposed, and most of
them involve endothelial dysfunction (ED) — the initial
stage and very early step in the pathogenesis and
development of atherosclerosis. ED refers to the inability
of the endothelium to control vascular homeostasis and
essentially describes a loss in the balanced release of
endothelial-derived relaxing and contracting factors [2].
In recent years, ED has received increasing attention as
an early predictive marker of vascular disorders including
atherosclerosis since its manifestation markedly precedes
the appearance of significant clinical symptoms.
Mechanical or inflammatory damage to the integrity of
the endothelium is the main stimulus for the initiation of
atherosclerotic plaque formation, while the inflammatory-
fibroproliferative response occurs as a result of various
types of endothelial damage [3].

Inflammation and oxidative stress are known to
be key factors contributing to ED [4]. A state of chronic
low-grade inflammation and the nonspecific activation of
the immune system are characterized by high levels of
inflammatory markers and fat tissue produced hormones
— adipocytokines, including interleukin (IL)-6, IL-8,
tumor necrosis factor (TNF)-o, resistin and leptin. They
are secreted by a large variety of cells, mostly by the
adipocytes, endothelial cells, and adipose tissue immune
cells [5].

With childhood obesity on the rise, it is
important to focus on the early stages of obesity-related
complications, including atherosclerosis, and to introduce
and test methods for assessing their progression. Recent
research has shown that microRNAs (miRNAs) can be
used as biomarkers in various clinical settings. MiRNAs
are small non-coding RNAs expressed in a wide variety
of organs and cells, that play important roles in many
cellular processes, including differentiation, proliferation,
apoptosis, and stress response [6,7]. In the immune
system, miRNAs are emerging as key regulators of
immune cell development, immune responses,
autoimmunity, and inflammation, capable of affecting
both

Dysregulation of miRNAs affects the function of various

pro- and anti-inflammatory = mechanisms.

tissues and organs, including endothelial function,

potentially contributing to the development of
atherosclerosis [8].

MiRNAs are extremely stable and can be

reliably detected from plasma or serum. It points towards
their potential application in clinical practice — their role
as diagnostic biomarkers has emerged in recent years in
many pathological states [9,10].

The aim of this study was to evaluate the levels
of selected miRNAs in relation to the presence of obesity
and early atherosclerotic changes in young patients with
obesity. Accordingly, we focused on the interrelations
related to

between early changes atherosclerosis,

measured by a noninvasive clinical-physiological
method, and the levels of selected miRNAs in adolescents
and young adults with overweight or obesity — i.e. during
the early subclinical stage of obesity-related
complications. Furthermore, we assumed that a more
detailed characterization of the relations between miRNA
levels, adipocytokines and subclinical chronic low-grade
inflammation markers would improve the understanding
of the role of miRNAs in the pathogenesis of obesity-
associated cardiovascular complications. The originality
of this study also lies in assessing the relationships
between selected anthropometric parameters and miRNA
concentrations, with separate analyses for male and
female subjects. We suggest that assessing these
relationships could be an important step toward better
understanding the connection between excessive fat
distribution and the

occurrence of cardiovascular complications related to

accumulation and its future

obesity.

Materials and Methods

Participants and clinical measurements

In this study, 60 adolescents and young adults
(30 females, 30 males) with ages ranging from 15 to
25 years were enrolled. Participants were recruited to
ensure equal distribution of gender and to encompass
a wide range of body mass index (BMI) categories from
normal weight through overweight to the obesity range.
Participants were divided into two groups based on their
BMI and age according to the Cole’s chart [11]. The
overweight/obese (OW/O) group consisted of sex and age
matched subjects: 20 participants with overweight
(10 females, 10 males) and 20 participants with obesity
(10 females, 10 males) aged 17.7 [15.0-25.8] (median
[interquartile range]) years. The control group consisted
of 20 participants (10 females, 10 males) aged 17.9
[15.4-25.6] (median [interquartile range]) years. Detailed
characteristics of the study groups are presented in
Table 1.
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All subjects instructed not to use

substances

were

influencing autonomic nervous system
activity or the cardiovascular system (alcohol, caffeine,
energetic beverages) and were asked to refrain from
12h before the
measurements were performed in a quiet thermo-neutral
environment (22-25 °C) in the morning hours (8-11 AM).

We excluded subjects with any current or

smoking for examination. All

previous infectious disease (within three weeks prior to
the examination date), cardiovascular disease including
hypertension (diagnosed using 24-h ambulatory blood
pressure monitoring after examination), diabetes mellitus,
psychiatric disorders, hypothyroidism and those with
a higher BMI due to an increased amount of skeletal
muscle, as determined by body composition analysis. All
female subjects were examined in the proliferative phase
(6-13™ day) of their menstrual cycle.

Procedures and Measurements

Clinical and anthropometric data

A detailed medical history was obtained from
each participant, and an experienced physician checked
their current health status to identify subjects meeting any
of the exclusion criteria.

Anthropometric measures were taken
immediately after arrival in fasting condition using an
InBody J10 device (InBody, South Korea). This body
composition analyzer uses the direct segmental multi-
frequency bioimpedance analysis method (DSM-BIA)
and provides a detailed analysis of body composition
including fat mass, skeletal muscle mass, percentage of
fat mass, visceral fat area, etc. This method was validated
against dual X-ray absorptiometry and is recommended
as an acceptable surrogate method for the estimation of
body [12]. The

circumferences of the waist and hip were measured using

composition in research studies
a measuring tape. WHR (waist-to-hip ratio) and the

WHItR (waist-to-height ratio) were calculated.

Blood sampling and biochemical parameter analyses
Venous blood samples from an antecubital vein
were collected in ethylenediamine tetraacetic acid tubes
(EDTA). The samples were centrifuged for 30 min
(1500% g, 15 min) at room temperature, and plasma
samples were immediately stored at -80 °C. Plasma
concentrations of the cytokines IL-6, TNF-q, and selected
adipocytokine (leptin) were measured using the Evidence
Investigator' © Metabolic Syndrome Array 1 (Randox

Laboratories, Crumlin, UK). 1t is routinely used for the
simultaneous quantitative detection of multiple related
metabolic immunoassays (in parallel) from a single
sample. Adiponectin levels were determined using the
Human Adiponectin ELISA Kit (KHP0041, Invitrogen).
Clinical chemistry tests for plasma concentrations of total
cholesterol,  high-density  lipoprotein  cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C)
and fasting glycemia were determined as part of routine
laboratory tests in acentral laboratory (University
Hospital in Martin). Plasma concentrations of cortisol and
insulin were determined using a chemiluminescent
enzyme immunoassay (cortisol: Access Cortisol Kit;
Beckman Coulter Cat# 33600, Inc., Tokyo, Japan;
insulin: Access Insulin Kit, Beckman Coulter Cat#
33410, Inc., Tokyo, Japan). The homeostatic model
assessment for insulin resistance index (HOMA index)
was calculated as insulin levels (uU/ml) multiplied by
glucose level (mmol/1)/22.5 [13]. All procedures were
manufacturer’s

performed in accordance to the

instructions.

RHI measurement

Endothelial function was assessed by Reactive
Hyperemia Peripheral Arterial Tonometry (RH-PAT)
using the Endo-PAT 2000 device (Itamar Medical,
Israel). Using this method, flow-induced vasodilation was
evaluated following a provocation of reactive hyperemia
induced by rapid release of brachial artery occlusion
lasting for 5 min. The RHI was defined as the ratio of the
post-deflation pulse amplitude to the baseline (pre-
ejection) pulse amplitude [14]. Subjects were in a supine
position for at least 5 min prior to the examination and
were asked to minimize movements and refrain from
speaking during measurement.

Analysis of individual miRNAs

Based on previous studies in adults, we have
selected miRNAs with an assumed significant association
with ED and atherosclerosis, and with the production of
inflammatory cytokines and adipocytokines. A miRNA
panel consisting of 5 miRNAs (miR-92a [15],
miR-126 [16], miR-146a [17], miR-155 [18], miR-181b
[19]) was quantified in plasma samples using RT-qPCR.
Our final selection of miRNAs (miR-92a, miR-126, miR-
146a and miR-155) for statistical analysis was achieved
by implementing a stepwise exclusion based on several
quality control parameters.

We picked the eight putative reference target
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miRNAs (miR-16, miR-17, miR-103, miR-106a,
miR-140, miR-191, miR-423, cel-miR-39) and reassess
their potential contributions as normalizers by geNorm
mathematical method. The analyses were tested on
12 samples in duplicates.

The geNorm algorithm is the preferred method
to select (a combination of) reference genes for relative
quantification. This algorithm uses the geometric mean to
determine the most stable housekeeping genes. The
optimal number of reference targets in this experimental
situation is 3 (geNorm V<0.15 when comparing
a normalization factor based on the 3 or 4 most stable
targets). This method calculates a normalization factor
based on multiple reference miRNA for more accurate
and reliable normalization of miRNA expression data. It
is based on the principle that the expression ratio of any
two reference miRNAs (using standard deviation of log-
transformed reference miRNA ratios) should be identical
in all samples. Stability measures will be returned which
are the average pairwise variation between a reference
miRNA and all other reference miRNAs using stepwise
exclusion of the worst scoring miRNAs. The predefined
miRNAs with the best geNorm-calculated stability
measures are listed if their value is less than 1.5 [20].

Based on geNorm analysis, three miRNAs
(miR-17, miR-106a, cel-miR-39) were identified as the
most stable combination for further normalization. The
average arithmetic mean of these three miRNAs for the
patient group was 24.84 and for the control group 24.82 —
the difference of 0.02 between groups indicates low
variability in expression across samples. All Ct values of
the normalizing miRNAs are provided in the
Supplementary material (Suppl. Table S1).

MiRNAs
quantitative

were quantified using miRNA
transcription PCR (RT-qPCR).
Plasma samples were thawed on ice and centrifuged for
10 min (4 °C, 16000% g). Preceding qPCR, total RNA

was isolated using the Mirvana Paris Kit (ThermoFisher)

reverse

enriched for miRNAs as described previously [21].
A synthetic cel-miR-39 was added to the sample before
RNA extraction as spike-in control. TagMan miRNA
(ThermoFisher)
transcription and preamplification. The multiplex qPCR

primers were used for reverse
was done in a recently calibrated CFX96 thermal cycler
(BioRad, California, USA) as described previously [21].
The tested samples spanned multiple plates. As
PCR efficiency can vary between PCR runs, it is
appropriate to normalize the data across different PCR

plates and runs. In this case, one representative sample

from the control group was chosen and used as an
interplate calibrator to eliminate plate-to plate variation and
improve the accuracy of the results. Normalization of the
raw cycle threshold (Ct) values by this calibrator enhances
the reproducibility of the results. All reactions and analyses
were performed in duplicate. The coefficient of variation
accepted for intra-assay replicates was set at 4 %.

The output of the RT-qPCR provided a Ct value
for each miRNA examined, which indicates the cycle
number at which the fluorescence signal exceeds the
detection threshold. Ct values between 19 and 29 indicate
a high presence of the target miRNA. Medium amounts
are expressed by Ct values between 30 and 35, while
values above 35 indicate a minimal amount of miRNA in
the examined sample. We eliminated Ct values that were
undetermined or >35 from the analysis, to minimize
statistical confounding by high quantification cycle
values.

We converted all Ct values to relative quantities,
comparing the relative change in the amount of the
selected miRNA in the examined sample with the
endogenous controls and with the control sample. Finally,
normalized Ct values were used to calculate relative
quantities of miRNAs by 2" method that is a widely
used approach for relative quantification in RT-qPCR
experiments [22].

Ethical approval

The study was Ethics
Committee of the Jessenius Faculty of Medicine,
Comenius University (EK 16/2022) and the Antwerp
University Hospital (UZA). The study protocol is in

approved by the

accordance with the ethical guidelines of the Declaration
of Helsinki of 1975.

Statistical analysis

The normality of the data distribution was
assessed using the Shapiro-Wilk test. To analyze the
differences between OW/O and C groups, Student’s 7-test
was used for data with a normal distribution, and the
Mann-Whitney U-test was used for data that were not
normally  distributed. ~The associations between
parameters were analyzed using Pearson’s (variables with
normal distribution) or Spearman’s (variables with non-
normal distribution) correlation coefficients. Variables
are presented as mean + SD or median [interquartile
range]. Statistical analysis was performed using the
software SYSTAT 13 (Systat Software Inc., USA).

A p-value <0.05 was considered statistically significant.
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Results

Anthropometric, clinical, and biochemical
characteristics of the 60 participants included in our
study, along with a subgroup analysis by sex, are
Table 1. For the cohort,
anthropometric parameters, including body weight, BMI,
percentage of fat mass, WHR, VFA and WHtR were

significantly higher in the OW/O group compared to C

presented in whole

group, as expected (Table 1A). In contrast, height was
significantly lower in the OW/O group compared to the C
group. When the data were examined separately for
female and male subjects, WHR was significantly higher
and height was significantly lower in OW/O compared to
controls in the male subgroup only. All other
anthropometric measures were significantly higher in
OW/O group in both males and females (Table 1A).

RHI showed no significant differences between
OW/O and C. Subanalysis by sex confirmed an absence
of significant differences in this parameter between
groups (Table 1B).

Biochemical
adipocytokines)  that

proinflammatory status in OW/O patients are presented in

parameters  (cytokines  and

could contribute to the
Table 1C. Leptin and IL-6 were significantly increased in
OW/O group compared to C (Table 1C) in the entire
cohort. When the data were analyzed for female and male
subjects separately, the level of leptin was significantly
higher in OW/O group compared to C group in both
IL-6 and TNF-a were
significantly increased in OW/O females only (Table 1C).

females and males, but
The parameters of lipid profile and glucose
metabolism are presented in Table 1D. For the entire
cohort, we observed that the patients with OW/O had
higher insulin levels and HOMA-IR, and lower HDL
cholesterol levels compared to C. In the subgroups,
a lower level of HDL cholesterol was found in females
only.

The circulating levels of miR-92a, -126, -146a
and -155 were compared between the C (N=20) and
OW/O (N=40) groups. The results showed no significant
differences in any of the target miRNAs between groups
(Fig. 1). The means (SD) or medians [interquartile
ranges] of miRNAs between the C and OW/O groups, as
well as between the C, OW and O groups for the entire
cohort are depicted in the Supplementary Materials
(Suppl. Table S2A, B).

Correlation analysis

Table 2 and Table 3 summarize the correlations
of each circulating miRNA with the anthropometric
parameters, measure of endothelial function (RHI),
cytokine
parameters of lipid profile and glucose metabolism in the

adipocytokine  and concentrations  and
entire study cohort and in subgroups divided by sex.

No significant correlations were found between
anthropometric parameters and the targeted miRNAs in
the entire group of participants. BMI only weakly
negatively correlated with miR-92a and miR-146a in the
female subgroup. Importantly, a positive correlation of
RHI with miR-146a was found when analyzing the entire
group of participants (Table 2, Fig. 2).

From the assessed adipocytokines and cytokines,
plasma adiponectin concentration negatively correlated
with miR-92a, miR-126 and miR-146a. These
correlations were significant in both sexes except for
miR-92a in
inflammation, IL-6, was negatively correlated with miR-

males. The traditional marker of
146a in the entire cohort of participants. When dividing
the group by sex, the negative association between IL-6
and miR-146a was confirmed only in the male subgroup.
Additionally, in men, significant correlations were
observed between IL-6 and miR-126 and miR-155.

From the lipid profile and glucose metabolism
parameters, only glucose level was found to be associated
with miRNAs; miR-92a, miR-126 and miR-146a were
negatively correlated with glucose in the entire cohort.
Analysis by sex revealed that these associations were
present in men only.

C - control group
OWO - overweight/obese group

40-
35— p=0.642 p=0.177 p=0.442 p=0.838
Z 30-
a
< 25
-4
: el OF el
£ 204
15 1 I 1 1 I 1 1 1
COWO COWO COWO COWO
miR92a  miR-126 miR-146a miR-155

Fig. 1. Circulating miRNA (miR-92a, -126, -146a, -155) levels in
adolescents and young adults with normal weight (C group) and
in participants with overweight/obesity (OW/O). Groups were
compared using Student’s #test (for the data with normal
distribution) and Mann-Whitney U-test (for data that were not
normally distributed).
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Fig. 2. Scatterplot of miR-146a level vs. RHI index. RHI: reactive
hyperemia index; miR: microRNA. Spearman’s correlation
analysis result is presented, * indicates a statistically significant
correlation.

Discussion

In this study, we evaluated the relationships
among the plasma concentration of selected miRNAs,
endothelial function assessed by a clinical-physiological
method, and other factors involved in the pathogenesis of
atherosclerosis in adolescents and young adults with
overweight and obesity — i.e. during the early subclinical
stages of obesity-related complications.

The main findings of our study include:

. no significant differences in plasma levels of the
selected miRNAs between C and OW/O group,

. a significant correlation between RHI and
plasma level of miR-146a in the entire study population,

. stronger associations between miRNAs and
several assessed parameters (adipocytokines, cytokines
and fasting glycemia) in men compared to women.

The present study found no difference in
RHI between the OW/O and C groups, indicating similar
endothelial function in both groups. However, previous
studies in humans have shown that obesity is
independently associated with ED. Studies applying
RH-PAT method in adults with obesity demonstrated
impaired endothelial function expressed by decreased
RHI values [23], followed by a significant increase in
RHI after weight loss [24]. This is in agreement with
previous studies that have used the flow mediated dilation
method (FMD),

postocclusion brachial artery diameter using ultrasound

based on the measurement of

imaging to assess endothelial function in adults with
obesity [25]. FMD and RH-PAT are both similar and
effective noninvasive methods for evaluating vascular

endothelial function. Reduced values of FMD indicate
ED associated with reduced NO bioavailability. We
found several studies comparing FMD values in children
and adolescents or adults with overweight/obesity.
Generally, FMD is decreased in children and adolescents
with obesity, mostly in patients with visceral obesity.
FMD improves after obesity treatment [26,27]. However,
the studies measuring RHI in children and adolescents
have shown inconsistent results. Although several studies
RHI
adolescents with obesity and an inverse relation of RHI

demonstrated significantly lower values in
with percentage of fat mass [28,29], other studies did not
confirm these associations [30,31]. In accordance with
previous studies employing RHI, we did not find
significant differences in RHI values in the OW/O group
and the normal-weight group. This may indicate a well-
preserved endothelial function in young patients with
obesity. Alternatively, this result could suggest that the
RH-PAT method may have insufficient sensitivity to
detect impaired endothelial function in young patients
with obesity.

Interestingly, we demonstrated a novel finding:
a positive association of circulating miR-146a with RHI
as a marker of endothelial function in adolescents and
young adults. This indicates that higher levels of miR-
146a were associated with increased RHI values in young
subjects. Because miR-146a has been found to be
associated with inflammation [17] and oxidative stress
[32], and considering the important role of these
processes in the initiation and progression of
atherosclerosis, we suggest that the positive correlation of
miR-146a with RHI could be attributed to these
associations.

To the best of our knowledge, there is only one
previous study [16] that focused on the association
between plasma levels of a selected miRNA (miR-126)
and RHI. In this study, the

a concomitant increase of RHI and miR-126 level as

authors observed
a result of weight loss in adolescents with obesity.
Furthermore, an experimental study in mice demonstrated
effect of miR-92a,
expressed in endothelial cells promoting inflammation
and ED [15]. Regarding miR-155, its role in the
atherosclerotic process and inflammation has been

a proatherogenic preferentially

demonstrated in humans [18]. However, in our study, we
did not find evidence of an association between miR-126,
miR-92 or miR-155 and RHI as a marker of endothelial
function.

A growing body of research indicates that
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circulating miRNAs are closely associated with the
presence and severity of obesity in adults, adolescents,
and children [7,33]. In the present study, there were no
significant differences between groups in the plasma
-126, -146a and -155.
However, in previous studies, differences in these

concentration of miR-92a,

miRNA levels related to the presence of obesity and their
association with pathophysiological processes, including
inflammation and altered adipocytokines expression, as
summarized below.
MiR-92a plays
biological

important roles in various

processes, including cell proliferation,
differentiation, migration, invasion and apoptosis [34]. It
has been demonstrated to be associated with the
development of cardiovascular diseases through the
regulation of inflammation [15] and was proposed as
a promising biomarker of metabolic status (glucose
control) in obesity as reported by Cereijo et al. [35]. This
miRNA was upregulated in adults with obesity compared
to healthy lean individuals [36]. On the contrary, down-
regulation of miR-92a in morbidly obese patients is
associated with the presence of metabolic syndrome [37],
suggesting that miR-92a can play a role in obesity and its
related metabolic disorders. Our results showed no
differences in concentration of miR-92a between the
OW/O and control

miRNA levels in young patients with obesity without

groups, indicating unchanged
comorbidities.

MiR-126 participates in inflammation, and
contributes to the development and progression of
atherosclerosis. Antiinflammatory and antiatherogenic
effects of miR-126 were demonstrated in a murine model
of accelerated atherosclerosis [38] and in elderly humans
[39]. These findings are in agreement with an in vitro
[40,41].
Interestingly, the level of miR-126 was found to be

study on endothelial cells and fibroblasts

increased in children with obesity [42] but decreased in
middle-aged adults with obesity [19], suggesting age-
related differences in its expression associated with
obesity. Our results did not reveal any difference in miR-
126 level between the OW/O and control groups. In line
with previous studies, the role of miR-126 in the
inflammatory response might explain the negative
correlation between miR-126 and IL-6 observed in the
present study.

MiR-146a is an inflammation associated miRNA
inhibiting the expression of the inflammatory cytokines
(IL-6, IL-1B, TNF-a) [17] suggesting its antiinflam-
matory effect. The association of obesity with miR-146a

levels is inconsistent, as studies have reported both
[43,44]
Similarly, variable results were found in children and

increased and decreased levels in adults.
adolescents [45]. Furthermore, miR-146a upregulation is
associated with cellular aging and oxidative stress [32],
suggesting that the increased level of this miRNA in
obese patients could be a response to, rather than a cause
of inflammation. Although we did not find significant
differences in plasma levels of miR-146a between
with  OW/O and controls,
a significant negative correlation between plasma levels
of miR-146a and IL-6. This is in agreement with the
concept of miR-146a as an antiinflammatory factor.

patients we observed

MiR-155 is implicated in the regulation of various

physiological processes including inflammation and
adipogenesis. The altered expression of miR-155 has been
associated with several inflammation-related pathological
states, including cancer, atherosclerosis, various
cardiovascular diseases and obesity [18,46]. MiR-155
function was mostly assessed in adipocytes. The
up-regulation of miR-155 was demonstrated in adipose
tissue in obesity and its level was positively correlated with
TNF-o and BMI, suggesting a role of miR-155 as
a proinflammatory factor [18]. The results indicate that
TNFa together with ox-LDL stimulate the transcription of
miR-155 [47]. The relation between plasma level of
miR-155 and the obesity status is dependent on age. While
in older adults lower levels of miR-155 were reported, in
younger adults increased miR-155 plasma levels were
found [48,49].

correlation between miR-155 and TNF-a, the present study

Although, we found no significant
showed a significant negative association between miR-
155 and inflammatory cytokine (IL-6), but only in men.
Contrary to our findings, a study in adults with obesity did
not show an association between plasma levels of miR-155
with cytokines (IL-6, IL-8) [50]. However, in this study no
sex specific analysis of this relationship was performed.
Considering the comparable number of subjects
in our study in the context of other studies in this field,
we suggest that the lack of significant differences does
not indicate that this study is underpowered. In general, it
could be concluded that the investigated age group
(young subjects with obesity and overweight without
comorbidities often present in adults with obesity) did not
exhibit detectable differences in the levels of the assessed
miRNAs. It could be expected that the changes observed
in adults with obesity occur only after several years of
obesity and the development of its complications.
Considering the differences in fat distribution
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and the influence of sex hormones, it is possible that
associations between target miRNAs and evaluated
parameters may differ by sex. Recent clinical data have
shown significant sex differences in plasma levels of
inflammatory markers in prepubertal children [51].
Accordingly, we divided the study sample by sex and
performed a separate analysis of associations between
miRNAs and
adipocytokines, cytokines and markers of lipid profile.

selected  anthropometric = markers,

Sex differences have been associated with the
development of obesity and associated comorbidities,
especially in adults [52,53]. However, evidence on sex
differences in miRNA expression in relation to
cardiometabolic risk factors in children is lacking. We
found more significant correlations in male subjects,
suggesting that sex differences in the pathogenesis of
overweight or obesity-related complications are already
present in adolescence. This supports the concept that to
optimize future clinical application, the cardiometabolic
risk assessment in young patients with overweight/
obesity should integrate multiple markers, with different
weighing for women and men.

Sex-related differences were also observed in the
relationship between miRNA levels and indices related to
glucose metabolism: three out of four microRNAs
assessed in our study (miR-92a, miR-126 and miRNA-
146a) were negatively correlated with fasting glycemia in
male subjects only. It is well known that miRNAs play
an important role in the regulation of glucose metabolism
[54]. The positive association between serum levels of
miR-92 and impaired glucose control, characterized by
hyperinsulinemia, glycated hemoglobin and increased
insulin resistance, were found in patients with obesity
[34]. In contrast, a decreased plasma level of miR-126
was observed in patients with diabetes mellitus type 2
[55].
bidirectional interactions between miRNAs and blood

Previous studies have suggested potentially
glucose levels. While high glucose concentrations had no
influence on the levels of pro-inflammatory miRNAs
(miR-92a and -155), the levels of anti-inflammatory
miRNAs (miR-126 and miR-146a) were significantly
reduced in response to high glucose concentrations
[42,56]. From our observational study, it is not possible
behind

future

to explain the mechanisms the observed
Nevertheless, should
investigate the effects of various miRNAs on blood

associations. studies

glucose metabolism in more detail, considering potential
sex-related differences.

Study limitations

Firstly, the sample size in our study was relatively
small to generalize the results to the general population.
Therefore, we cannot exclude the possibility of weaker
associations and Type II statistical errors (false negative
conclusions from statistical analysis). For future studies, it
is recommended that the observed differences and
associations should be confirmed in a larger study sample.

Secondly, we identified sex differences in the
associations between plasma concentrations of miRNAs
and other parameters. Numerous studies have confirmed
the role of sex hormones in the immune response and
significant sex differences in inflammatory markers also
in prepubertal children. However, we did not investigate
the association of sex hormones with the observed sex
differences, to confirm their role in this relationship.

Lastly we did not determine plasma C-reactive
protein level, often used as a marker reflecting the degree
of inflammation. It would also be appropriate to analyze
other markers of the inflammatory process in plasma
samples from participants with overweight/obesity,
although they were not available in our study. All these
limitations should be considered when interpreting the
results obtained in our study.

Conclusions

Although we did not find a significant effect of
obesity on the levels of four miRNAs related to
inflammation and endothelial function in young subjects,
we did observe an association between miR-146a and
endothelial function quantified by RHI. Several observed
correlations suggest a potential role of miRNAs in
inflammation, atherosclerotic process and glycemic control
in males. The lack of significant associations among
adipocytokines, cytokines, miRNAs, and other markers
related to obesity and its complications could be attributed
to the early stage of the atherosclerotic process present in
adolescents and young adults with obesity. We suggest that
a better understanding of the pathophysiological processes
underlying the development of atherosclerosis could
identify markers that enable the identification of patients at
increased risk of more rapid atherosclerosis progression.
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