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Featured Application: The proposal to use intima-media thickness as a non-invasive and cost-
efficient biomarker of subclinical atherosclerosis in obese children.

Abstract: Given the growing obesity rates among children, a more complete evaluation of their
potential cardiometabolic risk is needed. Carotid intima-media thickness (CIMT), a marker of
endothelial distress and a predictor of atherosclerotic progression in adulthood, may complete the
day-to-day evaluation of children at risk. Multiple risk factors act as additional precipitant causes
of atherosclerosis. We analyzed 60 patients aged 6–17 years old by measuring their CIMT using
the Aixplorer MACH 30 echography machine automatic measurement software. All subjects were
clinically and anamnestically assessed to identify risk factors. CIMT values are significantly higher
in older children and boys. Over 20 kg weight gain during pregnancy and other at-risk disorders
(p = 0.047), family history of cardiovascular risk (p = 0.049), hypertension (p = 0.012), and smoking
(p = 0.015) are linked to increased CIMT. Our study also supports international data on artificial
postnatal nutrition, high/low birth weight, and sedentary lifestyle being linked to increased CIMT.
Significant correlations were detected between CIMT and the entire lipid panel. Weight excess and
abdominal adiposity in children is clearly linked to increased CIMT. Moreover, waist circumference
and TG/HDL-c are significant predictors of CIMT. Although each parameter of the lipid panel is
correlated to CIMT, fasting glucose is not.

Keywords: cardiometabolic risk; carotid intima-media thickness; childhood obesity; subclinical
atherosclerosis

1. Introduction

Weight excess has been one of the largest public health problems of modern society
for decades and, in the obesogenic context of the COVID-19 pandemic, obesity has been
affecting children at rates faster than we have ever encountered before [1]. In many
countries, not only are the lockdown conditions, which increased sedentary behavior,
to blame, but also the worsening of financial status, which has led to reduced access to
qualitative foods and more stress within families [2].
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The importance of a comprehensive evaluation of obesity in children is of paramount
importance for early detection of cardiovascular and metabolic complications. Atheroscle-
rosis and high blood pressure, frequent complications of obesity, are slow but steady
ongoing processes in obese children, manifesting in adolescence and early adulthood,
depending on the severity of the weight excess [3].

Increased carotid intima-media thickness (CIMT) is one of the first observable signs
of subclinical atherosclerosis, making this ultrasonographic technique probably the most
accurate non-invasive method of detecting early stages of atherosclerosis. For a long time,
in children, these early stages have been ordinarily estimated by monitoring the lipid and
glucose metabolism alterations (lipid profile, fasting glucose levels, oral glucose tolerance
tests, serum insulin, blood pressure values, etc.). Lately, cardiovascular risk has been
proven to be well and reliably assessed through imaging technologies in pediatric patients
as well [4]. Beauloye et al. showed that blood parameters that are classically assessed in
obese children are significantly correlated to CIMT [5]. Therefore, studies estimate that
the use of CIMT, a non-invasive, non-painful, non-radiating, cost-effective, and easily
reproducible method, can become one of the pillars of risk evaluation for pediatric patients
at risk.

Nevertheless, the value of CIMT in children as a predictor of risk is still a subject
of research. Although cut-off points for CIMT are still a subject of discussion, there is
significant evidence that its values reach higher points in children with obesity. According
to Farello et al., both in metabolically healthy and unhealthy obese children, CIMT reaches
higher values. The same study showed that early detection of high CIMT in children with
metabolic syndrome is a predictor of cardiovascular disease in young adults [6].

Hence, one of the goals of the present study, other than assessing CIMT in relation to
obesity, is to evaluate some of the other risks associated with higher CIMT in children, and
their effect on the vascular thickness when associated with obesity. Most of the risk factors
we have analyzed are already set in stone as aggravating factors of cardiometabolic disease
in adults and many are on the way to being settled for the pediatric population as well.

Advancing age, masculine sex, and high BMI are three factors known to have a direct
impact on CIMT values in both children and adults [7–9]. However, risks associated with
pregnancy, mother’s health, perinatal aspects regarding weight or nutrition, family history
of cardiometabolic disease, exposure to smoking, high values for blood pressure, and a
lack of physical activity on daily basis may also be risks that can impact vascular integrity
or worsen the atherosclerotic progression.

Previous studies place postnatal nutrition in a stronghold regarding breastfeeding’s
universal protective characteristics, on the condition that it not be too prolonged [10,11].
There is evidence that artificial milk is associated with obesity, higher CIMT values, arterial
hypertension, and insulin resistance [12–15].

Data on birth weight as a risk factor for increased CIMT show that low birth for
gestational age is the most prominent risk, and the more severe the weight deficit is, the
more powerful the risk [16]. On the other side of the spectrum, higher than normal birth
weight is also a risk factor for high CIMT in young adult life [17].

Another important risk factor is maternal health during pregnancy. It is a factor that
can affect CIMT values indirectly by inducing a pathology that places the newborn at
risk for high CIMT. For instance, obesity in children is correlated to motherhood obesity
and gestational diabetes [11,18]. High blood pressure in a pregnant woman tracks to
her child, especially in their adult life. In fact, a mother’s entire cardiovascular profile is
proven to be linked to her offspring’s [19]. In utero exposure to autoimmune Hashimoto
thyroiditis is associated with an increased risk of the offspring developing a thyroid
disorder, including Hashimoto thyroiditis, in childhood or adolescence [20]. With regard to
CIMT, Hashimoto thyroiditis in children, especially in adolescent girls, is an aggravating
factor of atherosclerosis, regardless of thyroid function, due to the maintenance of a status
of chronic inflammation that affects endothelial integrity [21]. Moreover, smoking during
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pregnancy causes low birth for gestational age and hence, high CIMT values in the child’s
young adulthood [16].

Family history obtained by targeted anamnesis and medical records is another impor-
tant part of a full evaluation. From genetic predispositions to behavioral components of
certain pathologies, they all echo the lifetime development of the offspring. A family his-
tory of premature cardiovascular disease reflects higher values of CIMT and the association
of other factors like oxidant status, insulin resistance, and dyslipidemia [22].

Smoking cigarettes increases the values of CIMT directly and indirectly, so much so
that the vascular age of a regular smoker is about 6–7 years older than of non-smokers.
Smoking aggravates the effects of metabolic syndrome and age on CIMT, despite the fact
that smokers are usually leaner and have a good glucose-insulin homeostasis [23]. There
are also differences between how smoking affects the genders: Men are more affected by
smoking in terms of arterial stiffness, probably due to the lack of estrogen-given protection;
however, a lower exposure to cigarette smoke increases arterial stiffness in women [24].
Moreover, there is irrepressible evidence that passive (second-hand) smoking in children
has the same dire adverse effects on vascular health by increasing the risk of atheroscle-
rosis [25,26]. Furthermore, we mention a significantly higher risk of becoming a smoker
among adolescents who have both parents as smokers [27].

Sedentary behavior is not just one of the main causes for weight gain, but is also
involved in glucose metabolism as a promoter of insulin resistance, and in lipid metabolism
as a maintainer of dyslipidemia. It also decreases the cardiovascular adaptability for
effort. Previous studies have shown that leading a sedentary lifestyle as children increases
cardiometabolic risk and carotid plaque development in young adulthood [28].

Alterations of glucose and lipid metabolisms are consequences of excess fat tissue,
unhealthy lifestyle, and genetic risk factors. High levels of LDL cholesterol, total cholesterol,
non-HDL cholesterol, triglycerides, low values of HDL cholesterol, and high ratios between
total cholesterol and HDL-c and triglycerides and HDL-c, respectively, all induce, either
separately or combined, defective lipid vascular clearance and excess lipoprotein storage
in the sub-endothelial space. Pathological values of any of the aforementioned parameters
can be associated with increased CIMT [29]. Insulin resistance, diagnosed by clinical and
laboratory findings, is positively correlated to CIMT values and is a pathological precursor
of type 2 diabetes in both children and adults [30].

Non-invasive evaluation of cardiovascular and metabolic risk in individuals with
pathologies that present vascular implications can be based on the assessment of arterial
stiffness and atherosclerosis progression and the evaluation of inflammatory markers [31].

Therefore, given the growing obesity rates among children and even among our
patients, we have designed an observational study for our overweight and obese patients,
with the scope of assessing the importance of CIMT in a more comprehensive clinical
evaluation and cardiometabolic risk assessment. To achieve this scope, we have identified
certain risk factors in our patients and analyzed their impact on CIMT values in obese and
overweight children as opposed to normal-weight ones. The particularity of our study
is that apart from analyzing CIMT in the context of weight excess in children, it shows
to what extent certain risk factors correlate to CIMT increase in children. We believe this
approach broadens our understanding of how easily identifiable risk factors influence
CIMT, a fact that can be useful to clinicians who rely on CIMT in their day-to-day activity.

2. Materials and Methods

The observational study was performed in our US endocrinology unit from January
2021 until May 2021 on 60 children. The study was approved by the Ethics Committee
of Scientific Research (CECS) of the University of Medicine and Pharmacy Victor Babes
Timisoara and respects the ethical guidelines of the Helsinki Declaration.

The study was centered on the impact of excess adipose tissue on carotid intima-
media thickness and how CIMT correlates to identifiable genetic and epigenetic risk factors.
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Three study groups were defined, depending on the severity of weight excess: obese and
overweight, and normal-weight patients as controls.

2.1. Inclusion Criteria

• Obese group—patients with a BMI score ≥ 95th percentile for age and sex, overweight
group—BMI ranging from the 85th percentile to 95th percentile, and the control
group—BMI ranging from the 5th percentile to the 85th.

• Both sexes were included, and ages ranged from 6 to 17.

2.2. Exclusion Criteria

• Secondary obesity causes: Cushing syndrome, thyroid disfunctions with hypothy-
roidism, insulin-dependent diabetes mellitus, polycystic ovarian syndrome, hypotha-
lamic injury/disorders, genetic syndromes like Prader–Willi syndrome [32], grelin–
leptin dysfunction [33], and use of medication that can induce weight gain (glucocorti-
costeroids, sulphonylureas, tricyclic antidepressants, antipsychotics) [34].

Prior to any examination, informed consent forms were administered to the patient’s
parent/legal guardian and a verbal agreement was given by the child, after exhaustive
explanations regarding the study and further examinations.

The main analysis consisted of the measurement of CIMT by carotid ultrasonography
and the comparison of the values found between groups, depending on certain risk factors.

In addition to the ultrasonography measurement, we performed a clinical exam-
ination (weight, height, waist circumference, and blood pressure measurements) and
a targeted anamnesis to detect the presence of certain risk factors: postnatal nutrition
(breastfed/formula-fed), birth weight (<2500 g/>3500 g/normal weight), pregnancy-
associated risk factors (no pathology/>20 kg surplus/gestational diabetes/gestational
hypertension/autoimmune thyroiditis/smoking during pregnancy), family history (no
pathologies/obesity/dyslipidemia/type 2 diabetes/coronary disease/stroke/autoimmune
thyroiditis), smoking during pregnancy (yes/no), smoking by the patient (yes/no), and
physical activity (normal/sedentary *). Moreover, the following blood parameters were
selected from each patient’s previous 6 months of medical history: fasting glucose (mg/dL),
HDL cholesterol (mg/dL), LDL cholesterol (mg/dL), total cholesterol (mg/dL), and triglyc-
erides (mg/dL).

* We considered sedentary a subject who performed no sport and/or less than 1 h of
physical activity/day.

2.3. Ultrasonography Technique

The Aixplorer MACH 30 echography machine (SuperSonic Imagine, Aix-en-Provence,
France) was utilized to perform the carotid ultrasonography. We used 2 ultrasound probes:
SuperLinear SL 10-2 (2–10 MHz) and SL 18-5 (5–18 MHz). CIMT values were determined
automatically by Aixplorer MACH 30 software (SuperSonic Imagine, Aix-en-Provence,
France). We performed 3 measurements on both the right and the left common carotid
artery and used the mean of all measurements in our analysis.

Examination starts by choosing the appropriate setting: vascular probe and carotid
evaluation (B-mode setting). The patient lies in a supine position with their neck tilted
backwards in an extended position. The exploration of the right and left carotids starts
by transversal scanning, starting from the clavicle and guiding the probe upwards to
locate the carotid bulb (bifurcation of the common carotid artery into the internal and
external carotid arteries). At this point, the probe is rotated 180◦, fixating the region of
interest to distinguish the carotid lumen and carotid walls clearly, with the carotid bulb
visible on the left of the screen and a clear intima-media in the 1–2 cm caudally from
the carotid bulb. After the image is frozen in the most accurate instance, the Aixplorer
MACH 30 software automatically measures the space between the intimal–luminal and the
medial–adventitial interfaces on the posterior (far) wall of the left and right carotids [35–37].
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Among other advantages, the novelty of this measurement is that it eliminates human-eye
mistakes [38,39].

Examples of CIMT measurements (Figure 1):
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2.4. Statistical Analysis

Data were collected and statistically analyzed using Microsoft Excel and SPSS statis-
tical software version 17 (SPSS Inc., Chicago, IL, USA). We used statistical tests to assess
differences between study groups and the prevalence of risk factors, as well as their impact
on the objects of our research.

Normality of variable distribution was checked in SPSS prior to statistical analysis
(Shapiro–Wilk test). For normally distributed variables we used means, Student’s T test and
Pearson’s correlation, whereas for non-normally distributed variables we used medians,
the Mann–Whitney test, and Spearman’s correlation. Subjects were divided into three main
groups—obese, overweight, and normal weight (control)—and subgroups (by age, sex,
and risk factors). Categories were analyzed individually and/or in pairs, mainly focusing
on CIMT. Statistical significance was considered p = 0.05. For cases of multiple analysis
on the same data (2 by 2 tests on 3 groups), we performed ANOVA (single factor) tests
and post-hoc tests (Bonferroni corrected) in Microsoft Excel and adjusted the p-values
according to the Bonferroni corrected α in order to keep the significance threshold at 0.05.
Multivariable regression analysis was performed in SPSS with the stepwise method, with
CIMT as the dependent variable.

3. Results

The study included 60 children, aged 6 to 18, of both sexes. They were divided by BMI
scores into three groups: obese group (13 boys and 7 girls), overweight group (10 boys and
5 girls), and normal-weight group (12 boys and 13 girls). Extremely significant differences
were detected between the CIMT values of the three groups: obese vs. normal weight,
p << 0.001; obese vs. overweight, p = 0.037; and overweight vs. normal weight, p = 0.001
(Bonferroni-corrected p-values). That means that CIMT mean values grew as BMI and
weight excess severity grew. The overall CIMT values for the three groups combined were
normally distributed (Shapiro–Wilk test significance = 0.081). However, the obese and the
normal-weight groups presented non-normal distribution for CIMT values.

3.1. CIMT with Regard to Age

Children from each weight group were further subdivided into three age subgroups:
pre-pubertal (<12 years old), pubertal (12–15 years old), and post-pubertal (≥16 years old).
The p-values were Bonferroni corrected for all comparisons in Table 1, with a significance
threshold of 0.05.

We did not detect statistically significant differences between the age subgroups in
the case of obese children (Table 1), with all three groups having similar values for CIMT
(p-values for obese children are not presented in their Bonferroni-corrected form because
they were too high, corrected α = 0.016). In the overweight group (Table 1), we detected
higher values of CIMT in pubertal compared to pre-pubertal patients and even higher
values of CIMT for post-pubertal patients compared to pre-pubertal ones (p = 0.024).
However, only the latter comparison was statistically significant.

In the normal-weight controls, pre-pubertal and pubertal children scored significantly
lower CIMT averages, but children 16 years old and over had an CIMT average closer to
the obese and overweight lots (Table 1).

CIMT values in obese, overweight, and normal-weight post-pubescent children always
scored the highest values. For children under 12 years of age, we found significantly
higher values for CIMT in obese children compared to overweight children (p = 0.015)
and compared to the control group (p << 0.001) (Bonferroni-corrected p values). The same
finding was detected in overweight children under 12 compared to normal-weight children
under 12, but the p-value was not statistically significant.
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Table 1. CIMT differences with regard to age.

Obese Group Group Number % of Entire Group Mean
CIMT (mm)

<12 years I 55% 0.48
12–15 years II 25% 0.49
≥16 years III 20% 0.50

Comparison I vs. II I vs. III II vs. III
p-value 0.71 0.59 0.88

Overweight Group Group Number % of Entire Group Mean
CIMT (mm)

<12 years I 34% 0.43
12–15 years II 53% 0.48
≥16 years III 13% 0.54

Comparison I vs. II I vs. III II vs. III
p-value 0.11 0.024 0.21

Normal-Weight Group Group Number % of Entire Group Mean
CIMT (mm)

<12 years I 48% 0.35
12–15 years II 40% 0.4
≥16 years III 12% 0.51

Comparison I vs. II I vs. III II vs. III
p-value 0.042 0.0006 0.012

3.2. CIMT with Regard to Gender

In the overweight and normal-weight lots, boys demonstrated higher CIMT averages
than girls; nevertheless, the variation was statistically significant only in the overweight
section, p = 0.043. In the group of obese children, the CIMT averages of boys and girls were
almost identical (Table 2).

Table 2. CIMT with regard to gender.

Group Sex % of Entire Group Mean CIMT (mm) p-Value

Obese
Girls 35% 0.5135

0.99Boys 65% 0.5134

Overweight Girls 33% 0.43
0.043Boys 67% 0.49

Normal
Girls 52% 0.38

0.55Boys 48% 0.4

3.3. Assessment of Risk Factors

We further present the comparison between CIMT values in the context of the presence
of certain risk factors within the analyzed groups: overweight vs. normal weight and obese
vs. normal weight. We acknowledge the fact that when divided into subgroups according
to certain risk factors, the lots become too small to reflect true statistical significance.
Nevertheless, our intention is to show the trend of the analyzed data and how it matches
with similar published data on the subject.

3.3.1. Obese Patients

Obese patients showed CIMT values close to 0.50 mm, with high percentages for
formula nutrition, abnormal birth weight, pregnancy-related risks, pathological family
history and sedentary lifestyle (Table 3).
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Table 3. Mean CIMT in the presence of different risk factors in obese children.

Risk Factor % of Total
Obese Children

Mean
CIMT (mm) p-Value

Postnatal food
Formula 65% 0.53

0.99Breastmilk 35% 0.53

Birth weight
<2500 g 25% 0.54

0.62>3500 g 25% 0.53
normal 50% 0.52

Biological mother’s
health

Risk factors present 70% 0.55
0.047No risk factors 30% 0.48

Family history Risk factors present 75% 0.54
0.11No risk factors 25% 0.48

Smoking Smoker 15% 0.61
0.015Non-smoker 85% 0.51

High blood pressure Yes 20% 0.58
0.1No 80% 0.51

Lifestyle Sedentary 65% 0.55
0.89Normal 35% 0.49

CIMT median for entire
obese group (mm) 0.50

Postnatal nutrition. 65% of our obese patients received formula nutrition as nurslings.
The CIMT mean of formula-fed children did not differ from the CIMT mean of the entire
obese group, and it was almost equal to the CIMT mean of the breastfed group. The
differences between the two subgroups were statistically insignificant (p = 0.989).

Birth weight. Half of our obese patients had abnormal birth weight (BW), either
higher (>3500 g) or lower (<2500 g) than normal. In children with low BW, CIMT mean
(X = 0.546 mm) was higher than the mean of the entire obese sample, whereas in children
with high BW, the CIMT mean was closer to the mean of the obese sample. No statistical
significance was detected when comparing subgroups (p = 0.62). Obese children with
normal BW had a slightly lower CIMT mean than those with abnormal BW.

Biological mother’s health during pregnancy. Up to 70% of the obese patients were
born to mothers who presented different pathologies during their pregnancy (Figure 2).
Obese children who were born to unhealthy mothers had statistically significantly higher
CIMT values than the entire obese sample and obese children who were born to healthy
mothers (p = 0.047). Over 20 kg weight gain during pregnancy was the most encountered
risk factor (30% of cases), followed closely by the presence of autoimmune thyroiditis (25%).
No mother admitted to smoking during pregnancy in this group.
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Figure 2. Mother’s health during pregnancy, in obese children.

• Family history. Family history was an important context for the obese group: 75%
of obese children had at least one significant cardiometabolic risk factor within their
close family history (Figure 3). Obesity was present in 40% of the cases, followed by
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autoimmune thyroiditis and type 2 diabetes. CIMT reached statistically significant
higher values in children with positive family history than in those without (p = 0.049).
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Figure 3. Family history of risk factors, in obese children.

• High blood pressure. High blood pressure was detected in 20% of the obese patients.
Although CIMT scored higher values in this group than in the one with healthy blood
pressure levels, the difference was not statistically significant (p = 0.102).

• Smoking. Smoking proved to be a significant risk factor. Only 15% of the adolescents
pertaining to the obese group declared that they were smokers. Their CIMT mean
was highest than any of the analyzed subgroups and the differences were statistically
significant (p = 0.015). Moreover, smoking was strongly and positively correlated with
higher values of CIMT (r = 0.53).

• Lifestyle. In the obese group, 65% of children declared a sedentary lifestyle (practicing
no sport and having less than an hour/day of physical activity). CIMT values were
higher than in children with healthy physical activity, but the differences were not
statistically significant.

3.3.2. Overweight Patients

Overall CIMT mean values were lower for overweight children than for obese children
(Table 4).

Table 4. Mean CIMT in the presence of different risk factors in overweight children.

Risk Factor % of Total Over-
weight Children

Mean
CIMT (mm) p-Value

Postnatal food
Formula 47% 0.5

0.023Breast milk 53% 0.44

Birth weight
<2500 g 20% 0.45

0.48>3500 g 33% 0.5
Normal 47% 0.46

Biological mother’s
health

Risk factors present 53% 0.49
0.042No risk factors 47% 0.44

Family history Risk factors present 60% 0.49
0.049No risk factors 40% 0.44

Smoking Smoker 13% 0.53
0.06Non-smoker 87% 0.46

High blood pressure Yes 13% 0.55
0.012No 87% 0.46

Lifestyle Sedentary 40% 0.49
0.32Normal 60% 0.46

CIMT X for entire
overweight group (mm)

0.47
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• Postnatal nutrition. In the overweight group, the nutrition factor was divided almost
equally between children, with 47% having received formula as nurslings. However,
the mean CIMT was significantly higher in children fed with formula (X = 0.5 mm)
than in breastfed children (X = 0.44 mm), p = 0.023.

• Birth weight. Exactly one third of the overweight patients were born with a birth
weight higher than 3500 g and scored higher CIMT values (X = 0.5 mm) than the
low BW and normal BW groups (X = 0.45 mm and X = 0.46 mm, respectively). No
statistical differences were detected between subgroups.

• Biological mother’s health during pregnancy. A total of 53% of overweight patients
were born to mothers who had problematic pregnancies. These children showed
higher CIMT values than those who were born to healthy mothers (Table 4) and
the differences between them were statistically significant (p = 0.042). The most
encountered risk factor was weight gain of over 20 kg during pregnancy (20% of cases),
followed by autoimmune thyroiditis and gestational diabetes in equal percentages
(13%). A total of 7% of mothers admitted to smoking during pregnancy in this group
(Figure 4).
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Figure 4. Mother’s health during pregnancy, in overweight children.

• Family history. A total of 60% of overweight kids had an at-risk medical family history
(Figure 5). Statistically significantly higher CIMT values were detected in the group
with such risk factors within the immediate family, compared to children with negative
family history (p = 0.049).
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Figure 5. Family history of risk factors, in overweight children.

• High blood pressure. Even fewer children presented high blood pressure in the
overweight group (13%, compared to 20% in the obese group). However, the CIMT
values were significantly higher in hypertensive children than in non-hypertensive
ones (p = 0.012).

• Smoking. CIMT mean was higher in smoking overweight children, but the differences
were not statistically significant due to the small case sample (p = 0.06). Even so,
smoking remains a solid risk factor for increased CIMT, in overweight children as well.
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• Lifestyle. A total of 40% of overweight children admitted to leading a sedentary
lifestyle, with less than 1 h of physical activity per day. However, the higher values of
CIMT in the risk group were not statistically significant (p = 0.324).

3.3.3. Normal-Weight Patients

CIMT overall mean values were lower in all subgroups compared to the ones in the
obese and overweight groups. Although we detected higher CIMT in all risk categories,
the differences were not statistically significant, due to small samples (Table 5).

Table 5. Mean CIMT in the presence of different risk factors in normal-weight children.

Risk Factor % of Total Normal-
Weight Children

Mean
CIMT (mm) p-Value

Postnatal food
Formula 36% 0.41

0.25Breastmilk 64% 0.38

Birth weight
<2500 g 8% 0.39

0.5>3500 g 40% 0.40
Normal 52% 0.38

Biological mother’s health Abnormal 32% 0.43
0.09Normal 68% 0.37

Family history Abnormal 28% 0.42
0.2Normal 72% 0.38

Smoking Smoker 4% 0.56
N/ANon-smoker 96% 0.38

Hypertension Yes 4% 0.47
N/ANo 96% 0.39

Lifestyle Sedentary 32% 0.42
0.24Normal 68% 0.38

CIMT median for entire
normal-weight group (mm) 0.37

• Postnatal nutrition. Only 36% of normal-weight children received formula as nurslings,
and their CIMT mean values scored higher than in the breastfed group (X = 0.41 mm
vs. X = 0.37 mm).

• Birthweight. Birth weight had no influence on the outcome of CIMT; 52% of children
had normal BW and a X = 0.38 mm CIMT, whereas 48% had abnormal BW (8% <2500 g
and X = 0.39 mm CIMT, and 40% >3500 g and X = 0.4 mm CIMT, respectively).

• Biological mother’s health during pregnancy. Unhealthy pregnancy seemed to be a
valid risk factor for higher CIMT (X = 0.43 mm vs. X = 0.37 mm) even in normal-weight
children; however, only 32% of normal-weight children were born from unhealthy
pregnancies, compared to 70% in the case of obese children and 53% in the case of
overweight children, respectively. A total of 12% of unhealthy pregnancies were due
to >20 kg weight gain and 8% due to autoimmune thyroiditis, whereas gestational
diabetes, gestational hypertension, and smoking during pregnancy added up to 4%
each. A total of 68% of pregnancies that resulted in normal-weight children were
declared completely physiological.

• Family history. Up to 72% of normal-weight children had no family history of car-
diometabolic diseases. CIMT mean values scored higher in children with at-risk
family history, but the differences were not statistically significant (X = 0.42 mm vs.
X = 0.3 mm, p = 0.2). Out of the 28% of children with a history of cardiometabolic
diseases in their immediate family, 16% declared obesity, whereas autoimmune thy-
roiditis, high blood pressure, and type 2 diabetes each added up 4%.

• High blood pressure. Out of the 25 overall subjects with high blood pressure, only
one patient belonged to the normal-weight group.
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• Smoking. The same situation was detected for the risk factor of smoking: One patient
out of the 25 smoking patients belonged to the normal-weight group.

• Lifestyle. Up to 68% of normal-weight controls led healthy lifestyles with regard to
physical activity (>1 h of exercise/day and/or practicing an organized sport). Those
patients presented lower values for CIMT than children with sedentary lifestyles, but
the differences were not statistically significant (p = 0.24).

3.4. Assessment of Waist Circumference and CIMT
3.4.1. Waist Circumference in Obese Children

Mean waist circumference was X = 100.5 cm, with no difference between girls and
boys (p = 0.96).

We detected a strong positive correlation between values of children’s waist circum-
ference and their CIMT values (Spearman’s correlation coefficient ρ = 0.69, p = 0.0006). See
Figure 3.

In addition, the higher the values of their waist circumference, the higher their blood
pressure (r = 0.61, p = 0.004); see Table 6.

Table 6. Correlations between waist circumference and other parameters in obese children.

CIMT Median
(mm)

BMI
(kg/m2)

LDL-c
(mg/dL)

Total
Cholesterol

(mg/dL)

Triglycerides
(mg/dL)

Blood
Pressure
(mmHg)

Spearman’s ρ 0.69 ** Pearson’s r 0.88 * 0.43 0.34 0.42 0.61 *

p-value 0.0006 p-value <0.001 0.06 0.14 0.06 0.004

* Correlation is significant at the 0.05 level (two-tailed). ** Correlation is significant at the 0.01 level (two-tailed).

3.4.2. Waist Circumference in Overweight Children

Mean waist circumference was X = 87.3 cm, with no difference between girls and boys
(p = 0.6).

A strong positive correlation was found between waist circumference and CIMT
(Pearson’s r = 0.64) in overweight children, but we did not detect any other correlations for
other parameters.

3.4.3. Waist Circumference in Normal-Weight Children

• Mean waist circumference was X = 63.9 cm, with no difference between girls and boys
(p = 0.96).

• We detected a strong positive correlation between values of children’s waist circum-
ference and their CIMT values (Spearman’s ρ = 0.77); see Table 7 and Figure 5.

Table 7. Correlations between waist circumference and other parameters in normal-weight children.

CIMT Median
(mm) BMI (kg/m2)

Triglycerides
(mg/dL)

LDL-c
(mg/dL)

Total
Cholesterol

(mg/dL)

Blood
Pressure
(mmHg)

Spearman’s ρ 0.77 ** 0.88 ** 0.23 Pearson’s r 0.375 0.38 0.405 *

p-value <0.001 <0.001 0.26 p-value 0.065 0.06 0.044

* Correlation is significant at the 0.05 level (two-tailed). ** correlation is significant at the 0.01 level (two-tailed).

Waist circumference, an acknowledged marker of visceral obesity and insulin resis-
tance [40], is positively correlated to CIMT values (Figure 6) and to other complications of
obesity, especially to higher blood pressure values.



Appl. Sci. 2021, 11, 10721 13 of 26

Appl. Sci. 2021, 11, 10721 13 of 26 
 

* Correlation is significant at the 0.05 level (two-tailed). ** correlation is significant at the 0.01 level 

(two-tailed). 

Waist circumference, an acknowledged marker of visceral obesity and insulin re-

sistance [40], is positively correlated to CIMT values (Figure 6) and to other complications 

of obesity, especially to higher blood pressure values. 

 

Figure 6. The correlation between waist circumference and CIMT values. 

3.5. Assessment of Blood Parameters and CIMT 

The focus of this part was the correlation analysis between CIMT values and the be-

low-mentioned blood parameters. 

3.5.1. HDL Cholesterol and CIMT 

Obese children showed a moderate negative correlation between values of CIMT and 

HDL cholesterol (HDL-c), ρ = −0.53 (Figure 7), but there was a weaker negative correlation 

in normal-weight children. Mean values of HDL-c were slightly above 40 mg/dL, and a 

surprising result is that the lowest mean values were detected in the normal-weight group 

(�̅� = 42.3 mg/dL). 

 

Figure 7. Correlation between CIMT and HDL-c in obese children. 

3.5.2. LDL-Cholesterol and CIMT 

We detected a positive correlation between CIMT and the values of LDL cholesterol 

(LDL-c) in the obese group, ρ = 0.31 (Figure 8). Neither the controls nor the overweight 

group showed such a correlation (ρ = 0.04 and r = 0.07, respectively); see Table 8. Mean 

LDL-c values were similar, with no statistical differences between groups. CIMT mean 

values were highest for obese (�̅� = 0.53 mm) and overweight (�̅� = 0.5 mm) children, and 

only �̅� = 0.4 mm in the normal-weight group. 

  

0

0.2

0.4

0.6

0.8

0 20 40 60 80 100 120 140 160

C
IM

T
 (

m
m

)

Waist circumference (cm)

y = −0.0035x + 0.6909
R² = 0.2781

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 10 20 30 40 50 60 70 80

C
IM

T
 (

m
m

)

HDL-c (mg/dl)

Figure 6. The correlation between waist circumference and CIMT values.

3.5. Assessment of Blood Parameters and CIMT

The focus of this part was the correlation analysis between CIMT values and the
below-mentioned blood parameters.

3.5.1. HDL Cholesterol and CIMT

Obese children showed a moderate negative correlation between values of CIMT and
HDL cholesterol (HDL-c), ρ = −0.53 (Figure 7), but there was a weaker negative correlation
in normal-weight children. Mean values of HDL-c were slightly above 40 mg/dL, and a
surprising result is that the lowest mean values were detected in the normal-weight group
(X = 42.3 mg/dL).
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3.5.2. LDL-Cholesterol and CIMT

We detected a positive correlation between CIMT and the values of LDL cholesterol
(LDL-c) in the obese group, ρ = 0.31 (Figure 8). Neither the controls nor the overweight
group showed such a correlation (ρ = 0.04 and r = 0.07, respectively); see Table 8. Mean
LDL-c values were similar, with no statistical differences between groups. CIMT mean
values were highest for obese (X = 0.53 mm) and overweight (X = 0.5 mm) children, and
only X = 0.4 mm in the normal-weight group.
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Table 8. Correlations between CIMT and blood parameters (Spearman’s correlation for the obese
and normal-weight group and Pearson correlation for the overweight group).

Obese Group Overweight Group Normal-Weight
Group

HDL-c—CIMT −0.53 −0.031 −0.25
LDL-c—CIMT 0.31 0.04 0.07

Total Cholesterol—CIMT 0.23 0.151 0.07
Triglycerides—CIMT 0.45 0.6 0.08
Non-HDL-c—CIMT 0.14 0.19 0.34

TC:HDL-c ratio—CIMT 0.29 0.27 0.54
TG:HDL-c ratio—CIMT 0.16 0.54 0.56
Fasting glucose—CIMT −0.3 0.21 −0.1
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3.5.3. Total Cholesterol and CIMT

We detected weak positive correlations between the values of total cholesterol (TC)
and CIMT in the weight-excess groups of study (ρ = 0.23 in obese children, r = 0.15 in
overweight children, and ρ = 0.07 in normal weight ones). No statistical significance
was detected. We observed that the more severe the weight excess was, the stronger the
correlation between the TC and CIMT (Figure 9).

Appl. Sci. 2021, 11, 10721 14 of 26 
 

Table 8. Correlations between CIMT and blood parameters (Spearman’s correlation for the obese 

and normal-weight group and Pearson correlation for the overweight group). 

 Obese Group Overweight Group 
Normal-Weight 

Group 

HDL-c—CIMT −0.53 −0.031 −0.25 

LDL-c—CIMT 0.31 0.04 0.07 

Total Cholesterol—CIMT 0.23 0.151 0.07 

Triglycerides—CIMT 0.45 0.6 0.08 

Non-HDL-c—CIMT 0.14 0.19 0.34 

TC:HDL-c ratio—CIMT 0.29 0.27 0.54 

TG:HDL-c ratio—CIMT 0.16 0.54 0.56 

Fasting glucose—CIMT −0.3 0.21 −0.1 

 

Figure 8. Correlation between CIMT and LDL-c in obese children. 

3.5.3. Total Cholesterol and CIMT 

We detected weak positive correlations between the values of total cholesterol (TC) 

and CIMT in the weight-excess groups of study (ρ = 0.23 in obese children, r = 0.15 in 

overweight children, and ρ = 0.07 in normal weight ones). No statistical significance was 

detected. We observed that the more severe the weight excess was, the stronger the corre-

lation between the TC and CIMT (Figure 9). 

 

Figure 9. Correlation between CIMT and total cholesterol in all children. 

3.5.4. Triglycerides and CIMT 

Moderate and strong correlations between CIMT values and the levels of triglycer-

ides (TG) were detected in the obese (Figure 10a) and overweight groups (ρ = 0.45 and r = 

0.6, respectively, Figure 10b), whereas no correlation was detected in the normal-weight 

group (ρ = 0.08); see Table 8. Mean levels of TG were significantly higher in the overweight 

group, as was the strength of the correlation. TG levels are correlated to BMI values (r = 

y = 0.0006x + 0.4711
R² = 0.0964

0

0.2

0.4

0.6

0.8

0 50 100 150 200 250C
IM

T
 (

m
m

)

LDL-c (mg/dl)

y = 79.13x + 133.13
R² = 0.0351

0

100

200

300

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

T
o

ta
l 

ch
o

le
st

er
o

l 

(m
g

/d
l)

CIMT (mm)

Figure 9. Correlation between CIMT and total cholesterol in all children.

3.5.4. Triglycerides and CIMT

Moderate and strong correlations between CIMT values and the levels of triglycerides
(TG) were detected in the obese (Figure 10a) and overweight groups (ρ = 0.45 and r = 0.6,
respectively, Figure 10b), whereas no correlation was detected in the normal-weight group
(ρ = 0.08); see Table 8. Mean levels of TG were significantly higher in the overweight group,
as was the strength of the correlation. TG levels are correlated to BMI values (r = 0.2) and
mean values of TG in sedentary children are higher, but our findings were not statistically
relevant (p = 0.47).
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3.5.5. Non-HDL Cholesterol, Total Cholesterol/HDL-c Ratio, Triglyceride/HDL-c Ratio,
and CIMT

Mean values for non-HDL-c, TC/HDL-c ratio, and TG/HDL-c ratio were less ideal as
weight severity increased (Table 9). Correlation strengths between CIMT values and the
mentioned parameters grew in tandem with weight excess, as well (Table 8, Figure 11).
We did not detect any statistically significant difference between CIMT values of different
range categories when comparing these parameters.

Table 9. Means of non-HDL-c, TC/HDL-c ratio and TG/HDL-c ratio across the three groups.

Normal Weight Overweight Obese

X Values

Non-HDL-c (mg/dL) 119 134 122.7
TC/HDL-c ratio 4 3.8 3.8
TG/HDL-c ratio 2 2.5 2.2

Up to 40% of obese and overweight patients presented at risk values of non-HDL-
c (≥145 mg/dL). Half the patients with normal weights presented healthy values for
non-HDL-c (<120 mg/dL) and only 20% presented values higher than 145 mg/dL [41].

Up to 60% of all three groups presented borderline TC/HDL-c ratio values (3.5–5) and
19% of obese children presented TC/HDL-c ratio values ≥5 [41].

Over 70% of patients in all three groups presented TG/HDL ratios ≥1.12, which,
according to de Georgis et al. and Iwani et al. are values indicating higher risk [42–44]. We
mention that cut-off values for TG/HDL-c in children are not fully established and differ
among ethnicities [44].

3.5.6. Fasting Glucose and CIMT

The results concerning the relationship between fasting glucose (FG) and CIMT were
somewhat contradictory in the sense that we detected negative correlations between FG
and CIMT in the control and obese group (r = −0.1 and ρ = −0.3, respectively), and a
positive correlation in the overweight group (r = 0.21); see Table 8. These results are either
due to small group sampling, or to the fact that fasting glucose in children with ongoing
pathologies like insulin resistance have fluctuations in their fasting glucose levels [45].
Mean values of FG were similar in all groups (X = 82 mg/dL).

3.6. Multivariate Regression Linear Model

We applied a multivariate linear regression model to identify independent predic-
tors for CIMT. Independent variables included waist circumference, LDL-c, HDL-c, TC,
TG, non-HDL-c, TC/HDL-c ratio, and TG/HDL-c ratio. CIMT was considered a depen-
dent variable. Our analysis showed that waist circumference and TG/HDL-c ratio are
statistically significant predictors of the dependent variable, CIMT (Tables 10 and 11).
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Table 10. WC and TG/HDL-c as significant predictors of CIMT.

Model R R-Square
Adjusted
R-Square

Std. Error of
the Estimate

Change Statistics

R-Square Change F-Change df1 df2 Sig. F-Change

1 0.855 0.732 0.727 0.04679 0.732 158.266 1 58 0.000

2 0.284 0.081 0.065 0.08663 0.081 5.097 1 58 0.028

Predictors: (constant), waist circumference. Dependent variable: CIMT.

Table 11. Independent variables excluded as predictors of CIMT.

Beta In t Sig. Partial
Correlation

Collinearity Statistics

Tolerance VIF Minimum
Tolerance

LDL-c 0.005 0.069 0.945 0.009 0.981 1.020 0.981

HDL-c −0.078 −1.151 0.255 −0.151 1.000 1.000 1.000

TG 0.068 0.964 0.339 0.127 0.941 1.063 0.941

TC 0.010 0.148 0.883 0.020 0.957 1.045 0.957

Non-HDL-c 0.081 0.537 0.594 0.071 0.701 1.427 0.701

TC/HDL-c ratio 0.059 0.312 0.756 0.041 0.447 2.235 0.447

Predictors: (constant), TG/HDL-c ratio. Dependent variable: CIMT.
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4. Discussion

The main purpose of this study was to show to what degree CIMT can be considered
a reliable evaluation parameter along with the usual ones in obese children. To achieve
this goal, we analyzed whether the presence of certain genetic and epigenetic factors
influence the values of CIMT and observed how CIMT correlated to certain usual clinical
and blood parameters.

We chose ultrasonography-measured CIMT as the focus of our analysis, which, al-
though not the most accurate way of analyzing arterial walls, is the most appropriate for
children as a screening tool. Studies have proven that MRI wall-thickness measurements
may have better clinical utility because they have better prognostic value for cardiovascular
risk than ultrasonography. In addition to intima-media measurement, MRI also images
adventicia thickening and its vasa vasorum proliferation, the entire carotid artery, and
the carotid bulb, where plaque forms early. However, its limitations make it more of
a research tool than a day-to-day clinical one. It is over 10 times more expensive than
ultrasonography, less accessible due to construction costs, requires longer scan times, and,
because it is so sensible to motion, its common use in children is unrealistic [46,47]. CT
angiography may detect vasa vasorum neovascularization and thus be a good predictor of
vascular accidents, but its limitations with regard to radiation and poor contrast between
lipid and fibrotic structures makes it unfit for a screening tool, especially in children [47].
Fluorodeoxyglucose-PET can be useful in assessing plaque vulnerability, because it targets
areas of inflammation that are prone to rupture. When coupled with CT or MRI, its value
increases. However, it is a method that is highly unlikely to be useful in screening children
at risk [48]. That said, it is obvious that for our everyday clinical risk assessment in mi-
nor patients, CIMT ultrasonography is the only imagistic tool that is useful in assessing
subclinical atherosclerosis.

Our patients were divided into three study groups—obese, overweight, and normal-
weight—and subgroups depending on the object of study. CIMT values were correlated to
BMI levels and there were significant differences between the three groups with regard to
CIMT. In our study, excess adipose tissue was estimated by BMI and waist circumference
measurements, but we acknowledge that the utility of peripheral adipose tissue ultra-
sound measurement and bioelectrical impedance analysis as a more accurate detection of
subcutaneous fat tissue, which has been shown to have important roles in cytokine and
growth-factor production and thus, in cardiometabolic risk [49].

Atherosclerosis is a process that starts in early childhood and has a lifelong progression,
its pathological speed depending on genetic predisposition and environmental factors [7].
As a consequence, CIMT is a parameter that increases over time. In order to analyze how
obesity affects children of different ages, we divided each study group into age categories:
pre-pubertal (<12 years old), pubertal (12–15 years old), and post-pubertal (≥16 years
old). In the overweight group, significant differences concerning CIMT values were
detected between pre-pubertal and post-pubertal patients (p = 0.024, Bonferroni corrected);
see Table 1. Extremely significant differences were detected in the normal-weight group
(Table 1), where CIMT values increased very clearly with age, so much so that post-pubertal
normal-weight children had CIMT mean values very similar to children of the same age
with weight excess. Moreover, when analyzing the <12-years-old category, we detected
extremely significant differences between CIMT mean values in the obese and overweight
groups (p = 0.015), and the obese and normal-weight groups (p << 0.001). Therefore, in the
presence of considerable excess weight, age has a smaller impact on the endothelial wall
than the pathological processes caused by excess adipose tissue. Inflammation and an early
onset of subclinical atherosclerosis makes the arterial walls of pre-pubertal obese children
have similar characteristics to the arterial walls of normal-weight or slightly overweight
post-pubertal children and even young adults.

In adults, CIMT reaches higher values in men [8]; however, in children, differences
on behalf of sex are insignificant. In our analysis, in the obese group, the mean values
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for CIMT in boys and girls were identical, whereas in the overweight group, boys scored
higher values for CIMT (p = 0.043); see Table 2.

An essential part of our study was the analysis of potential factors that increase
risk for higher CIMT from an early age. Most of these factors overlap their influence on
CIMT with that of weight excess predisposition. We analyzed each risk factor within the
respective group.

Although discussions on postnatal nutrition’s role in cardiometabolic risk is still being
researched, most studies are in agreement that breastfeeding has a protective cardiovas-
cular role only when it is not prolonged, being inversely associated with mortality by
coronary disease [10]. A 65-year longitudinal study showed that breastfeeding reduces
the progression of atherosclerosis, which translates into a lower CIMT [13]. On the other
hand, artificial feeding is known to be associated not only with obesity [12], but also with
high blood pressure [14] and insulin resistance [15]. Our analysis showed that although in
all three groups, children who were bottle-fed presented higher CIMT values, the results
were not statistically significant, except for the overweight group (p = 0.023). Although
the results concerning CIMT were inconclusive, the proportions of formula-fed/breast-fed
children in each group clearly suggest that artificial nutrition represents a risk factor for
weight excess in childhood: 65% of the obese group, 47% of the overweight group, and
only 37% of the normal-weight group were bottle-fed.

Data on birth weight and its influence on cardiometabolic risk over time are more
conclusive. Children born large for gestational age have a predisposition for obesity and
an increased CIMT in young adulthood, although they seem to have an otherwise healthy
cardiovascular risk [17]. Children with low birth weight have increased CIMT values in
young adulthood only if they have experienced severe intrauterine growth retardation
followed by exaggerated postnatal growth [50]. A recent meta-analysis showed that in
children born small for gestational age, CIMT has increased values in infants rather than
in older children, which may prove that fetal growth restriction is an important factor
that may increase the child’s risk trajectory [51]. Our findings are in accord with previous
studies, although our sample cases were smaller. In all three study groups, approximately
half of the children had normal birth weights (2500–3500 g) and the other half had either
low birth weight (<2500 g) or high birth weight (>3500 g) (Tables 3–5). Although we did
not detect significant differences, CIMT had higher values for children with high birth
weight in both overweight children and controls. However, in the obese group, the mean
values for low birth weight were higher than for high birth weight (Table 3). Low birth
weight might have more of impact on endothelial suffering, as it is associated with in utero
cardiac remodeling and reduced arterial compliance [52]. Previous studies have shown
that the more severe fetal growth impairment is, the more significant the data [51].

Because a mother’s health and health-related habits during pregnancy are directly
connected to the intrauterine development of the child [53], we analyzed how some
maternal risk factors for child obesity and cardiovascular risk influence our subjects.

A total of 70% of our obese patients were born to unhealthy mothers. A total of 30%
of them had mothers who gained >20 kg during their pregnancy, 25% had mothers with
autoimmune thyroiditis, 10% had mothers with gestational diabetes mellitus, and 5% had
mothers with gestational hypertension (Figure 2). These patients presented significantly
increased values in CIMT compared to obese children born to healthy mothers (p = 0.047,
Table 3). In overweight children, the proportion of cases that came from abnormal preg-
nancies dropped to 53%, and we also detected increased CIMT mean values compared
to the overweight children with healthy mothers (p = 0.049, Table 4). For normal-weight
children, the proportion of unhealthy pregnancies was even smaller, at 32% (Table 5).
Overall, the most predominant risk factor was by far maternal obesity (>20 kg weight gain).
The mechanism behind its effects on the fetus is based on placental insufficiency, which
promotes intrauterine growth restriction [54]. This can lead to structural and functional
alterations on the fetus’ cardiovascular system that may persist throughout childhood [55]
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and can remain permanent risks or predispositions for high blood pressure, increased
CIMT, and arterial stiffness [56].

Family medical history should play an important role in shaping an individual’s
cardiometabolic risk profile. Family history alone is not enough to place blame, but it
surely helps to evaluate the genetic risk of the individual in order to estimate prognostics
on the onset and severity of the disease’s evolution [57]. In our study, 75% of obese children
had a family history positive for risk, 40% had obese first-grade relatives, followed by a
long distance by autoimmune thyroiditis, type 2 diabetes mellitus, and cardiovascular
diseases (Figure 3). Although CIMT values were higher for children with a family history
of risk in all three groups of study, significance was found only in the overweight group
(p = 0.049).

Smoking is a well-known risk factor for vascular dysfunction, affecting the integrity
of endothelial cells and promoting lipid and monocyte invasion of endothelial walls [58],
and thus accelerating the stiffness of the arterial wall. We addressed the problem of
adolescent smoking, but cannot rely on our findings due to the small amount of smoking
teenagers in our group. Obese smokers had the most increased CIMT mean: X = 0.61 mm,
p = 0.015 (Table 3). We note the only case of a 16-year-old male normal-weight smoker,
who presented neither of the evaluated risk factors and who had a CIMT value of 0.56,
higher than anyone in his group (group CIMT X = 0.39 mm); see Table 5. Because both age
and the presence of metabolic syndrome are closely linked to inflammation and oxidative
stress, and ultimately the damage of the vasculature structure, which is easily detectable
starting in young adulthood [59], in young adults with such conditions, smoking will
strengthen the adverse effects of age and all the other risk factors by directly damaging
endothelial integrity.

High blood pressure in obese children and young adults is a consequence of the
mixture of insulin resistance, sympathetic nervous system overactivity, and damage to
the endothelial wall [60]. With regard to CIMT values, once installed, hypertension is
an aggravating factor [61]. Moreover, hypertensive children present increased CIMT
values, regardless of their BMI [62]. Our study confirmed the higher CIMT values among
hypertensive children compared to normotensive ones (p = 0.012) with similar BMIs.
Hypertensive subjects in the obese group reached 20%.

Our approach to lifestyle as a risk was focused on the level of sedentary behavior of
each subject. We considered a subject sedentary when they practiced no sport and/or had
less than 1 h of physical activity/day. Lack of physical activity is the factor that completes
the big picture of obesity [63]. Although we did not find statistically meaningful differences,
our study showed a tendency toward higher CIMT based on sedentary habits in all weight
categories. However, this factor is a rather indirect one with concern to CIMT, because it
affects vascular integrity by increasing the subject’s susceptibility to obesity.

Abdominal visceral excess adipose tissue, clinically estimated by measurement of
waist circumference, is considered a marker of insulin resistance [64] and a key component
of metabolic syndrome when it reaches values >90th percentile for age and sex in chil-
dren [65,66]. In the general population, CIMT values are significantly higher in men and
women with a waist circumference ≥79 cm compared to values <79 cm [67]. Our study
also showed a high correlation between the values of waist circumference and CIMT. In
the obese group, significant correlations were detected between waist circumference and
parameters like BMI, blood pressure, total cholesterol, LDL cholesterol, and triglycerides,
as well (Table 6). In all three groups, the higher the mean values of waist circumference
were, the stronger the correlations to CIMT and other evaluation parameters.

As for blood parameters, we analyzed the correlations between CIMT values and
parameters usually used for evaluating weight excess in children: lipid panel and fasting
glucose levels.

HDL cholesterol is considered the protective component of the lipid panel, with
cytoprotective, anti-inflammatory, antithrombotic, and antioxidant functions and playing
a large role in clearing away excess cholesterol from vessels and transporting it back to
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the liver [68]. Recent studies show that HDL-c’s functionality is more important than its
circulating quantity per se, and factors that affect its functionality should be avoided as
much as possible: oxidative environment (acute phase response), metabolic syndrome,
obesity, and consumption of saturated fats [69]. HDL-c in children is primarily affected
by lack of physical activity [70]. Dietary habits that include enough polyunsaturated fats,
in detriment to saturated fats, improve the anti-inflammatory function of HDL-c [71].
Children with increased CIMT and sedentary behavior are the ones with the lowest HDL-c,
highest triglycerides levels, and highest risk of developing metabolic syndrome [67]. In our
study, HDL cholesterol was significantly and negatively correlated to CIMT mean values
(Table 8). It was also one of the most prevalent abnormal parameters detected, with 40% of
the obese and normal-weight children and 7% of the overweight children presenting an
HDL level of ≤40 mg/dL.

LDL cholesterol plays a major role in atherosclerotic plaque progression due to its
migration under the sub-endothelial space, along with excess chylomicrons, where they are
ingurgitated by macrophages and monocytes [72]. High LDL-c is usually associated with
low HDL-c, depending on individual physical fitness. The diagnostic of dyslipidemia in
an obese child should be taken into consideration as an aggravating factor for arterial long-
term health [73]. Adolescents with high lipid levels present a greater risk of developing
high CIMT as adults, and, should they have weight excess, the risk increases substantially
compared to adults who did not have either risk during their childhood [74]. In obese
children, LDL-c correlated to CIMT values (Table 8), a finding that supports international
data. Furthermore, all three analysis groups showed correlations between CIMT and total
cholesterol values (Figure 9), although mean values of total cholesterol were not suggestive
for dyslipidemia. This may be because overall LDL-c values were not extremely high, and
HDL-c levels were low (47% of cases presented <40 mg/dL values). We did note, however,
that as weight excess severity increased, the lipid panel showed pathological, at-risk
values. Individuals with familial hypercholesterolemia present high values for lipoproteins
even in the context of less extreme weight excess, and affected children present higher
CIMT than their unaffected siblings. This is further proof that once installed, dyslipidemia
increases the progress of atherosclerosis, which can be detected early enough to evaluate the
cardiovascular risk and aid the medical effort to avoid cardiovascular complications [74].

Triglyceride levels are influenced primarily by dietary habits and in part by physical
activity [75]. As obese children have problems with both aspects, it is not a surprise that
obese children present higher levels of TG [76]. Fasting triglycerides levels >150 mg/dL
are known to represent a biomarker for cardiovascular risk [77]. Nevertheless, specific
roles of TG are still controversial because there is significant personal variability involved
in serum levels of TG compared to other more stable parameters like HDL-c [77]. Many
studies have shown that TG levels are not directly involved in the increase of CIMT [78,79].
However, other studies suggest that serum TG’s importance in estimating atherosclerotic
risk is undervalued and that the lack of consistency in showing a connection could be
derived from the fact that TG levels have great variability from one day to another [80].
Some studies have shown discreet correlations of TG levels to CIMT, and, even more
specifically, through remnant triglyceride-rich lipoproteins associated with fatty meals [81].
As essential as fats are for human health, the modern diet of both children and adults
disregards the ideal proportions of polyunsaturated fatty acids (PUFAs). This imbalance
is an aggravating factor for vascular damage. Moreover, genetic variations in children
with obesity may influence the metabolism of PUFAs, and the intake requirements for
a healthy cardiovascular profile may therefore vary [82,83]. Our findings support these
data: We detected significant correlations between TG levels and CIMT in both obese and
overweight children (Table 8, Figure 10a,b). Although mean values were not surprisingly
high, we did detect an association of higher TG with higher BMI and sedentary behavior.
More data should be assessed in larger groups of obese children and a comparison between
fasting TG and postprandial TG levels would be highly recommended.
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Moreover, non-HDL cholesterol has proven to be an important tool in assessing
atherosclerotic risk, as well [84]. Furthermore, a recent longitudinal study has shown that
pathological levels of non-HDL-c in youths over 15 years old correlate to high CIMT in
adulthood. Its predictive value for high adult CIMT was similar to LDL-c’s. It has also
been shown that through preventive actions, the effects of youth dyslipidemia can be
attenuated if serum lipids are normalized by adulthood [85]. Total cholesterol/HDL-c
ratio is one of the better predictors of ischemic coronary events. Its ability to do so is
given by the cluster of metabolic disturbances present in individuals with abdominal
obesity, insulin resistance, and dyslipidemia; therefore, its prediction value is even more
powerful in individuals who have them all [86]. Triglyceride/HDL-c ratio could be a
better predictor for cardiometabolic risk and insulin resistance in children than metabolic
syndrome status [42,44,87]. Our findings showed correlations between CIMT values and
non-HDL-c, TC/HDL-C ratio, and TG/HDL-C ratio, and their correlation strengths grew
as weight severity based on BMI grew (Table 8, Figure 11). The mean values for these three
parameters were influenced by weight excess (Table 9). Over half of the subjects in all three
groups presented values higher than ideal for all three parameters, especially in the case of
TG/HDL-c ratio (Table 9).

Childhood obesity disturbs glucose–insulin metabolism as well, and one of the ear-
liest signs is the impairment of fasting glucose, which highly predicts type 2 diabetes
mellitus [88,89]. However, the problem with impaired fasting glucose (IGF) as a factor
for risk evaluation is that it varies substantially between different regions and ethnicities.
For instance, IGF in Swedish and American obese children is considerably higher than in
central European obese children [90]. Both IGF and impaired glucose tolerance increase
CIMT by affecting arterial vessels [40]. As weight excess becomes more severe, insulin
resistance and high glucose levels support the pathological processes of endothelial thick-
ening. However, in this pre-diabetic situation, glucose variability is possible, with highs
and lows all throughout the day [45]. This may be a reason why studies on IFG should
be conducted on larger sample sizes to increase statistical significance. On this note, our
research found a contradicting negative correlation between CIMT and fasting glucose
levels in our obese group. However, in the overweight group, we detected a positive
correlation, which suggests that the need for larger samples is indeed pertinent.

The multivariate linear regression analysis of CIMT as a dependent variable and
waist circumference, LDL-c, HDL-c, TC, TG, non-HDL-c, TC/HDL-c ratio, and TG/HDL-c
ratio as independent variables showed that waist circumference and TG/HDL-c ratio are
statistically significant predictors of CIMT (Tables 10 and 11). This is an important finding,
with concrete clinical use.

The main limitation of this study was the small sample size, but even so, our analysis
was statistically significant and in line with further publications. A further longitudinal
analysis would be interesting regarding CIMT and other correlated parameters, once the
same subjects start to lose weight and change their lifestyle.

5. Conclusions

Weight excess in children is associated with increased values of CIMT, and the severity
of the excess increases the expected values of CIMT. Abdominal adiposity of obese children,
a clinical marker of metabolic distress, is very reliably positively correlated to CIMT values.
Waist circumference and TG/HDL-c are significant predictors of CIMT.

Risk factors like weight gain of over 20 kg during pregnancy and overall metabolic
disturbances of the mother, family history of cardiovascular risk, high blood pressure, and
smoking are linked to increased CIMT. Our study supports international data on artificial
postnatal nutrition, high/low birth weight, smoking, and sedentary lifestyle being linked
to increased CIMT, but our analysis’s statistical significance was not definitive.

All evaluated blood parameters showed correlations to CIMT, except for fasting glucose.
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