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Abstract: Recent years have confirmed the importance of oxidative stress and biomarkers of inflam-
mation in estimating the risk of cardiovascular disease (CVD) and explaining not fully understood
pathogenesis of diabetic macroangiopathy. We aimed to analyze the relation between the intima-
media thickness (IMT) of common carotid arteries and the occurrence of classical cardiovascular
risk factors, together with the newly proposed biomarkers of CVD risk (high-sensitivity C-reactive
protein (hsCRP), myeloperoxidase (MPO), adiponectin, N-terminal-pro B-type natriuretic peptide
(NT-proBNP) and vitamin D) in youth with type 1 diabetes (T1D) recognized in screening tests to
present early stages of microvascular complications (VC). The study group consisted of 50 adolescents
and young adults with T1D, mean age 17.1 years (10–26 age range), including 20 patients with VC (+)
and 30 VC (−). The control group (Control) consisted of 22 healthy volunteers, mean age 16.5 years
(11–26 age range). In the VC (+) patients, we found a significantly higher concentration of HbA1c,
lipid levels, hsCRP and NT-proBNP. BMI and blood pressure values were highest in the VC (+)
group. Higher levels of MPO and lower levels of vitamin D were found in both diabetic groups
vs. Control. IMT in VC (+) patients was significantly higher and correlated positively with HbA1c,
hsCRP, NT-pro-BNP and negatively with vitamin D levels. In conclusion, youth with T1D and VC (+)
present many abnormalities in the classical and new CVD biomarkers. hsCRP and MPO seem to be
the most important markers for estimating the risk of macroangiopathy. NT-proBNP may present a
possible marker of early myocardial injury in this population.

Keywords: type 1 diabetes; macroangiopathy; IMT; biomarkers; inflammation; oxidative stress;
microvascular complications; risk of cardiovascular disease; obesity; youth

1. Introduction

According to the World Health Organization (WHO), cardiovascular disease (CVD) is
now the first cause of death in most developed and many developing countries [1]. The
atherosclerotic process, being the basis of CVD, begins already in early childhood, and its
progression depends on the presence of identified disease risk factors [2]. Therefore, it is
important to recognize and analyze the individual classical risk factors for cardiovascular
disease and to take into account new biomarkers, which, in studies of the preclinical
phase of the atherosclerotic process, seem to have a significant utility in estimating the risk
of cardiovascular diseases and explaining the not fully understood pathogenesis of the
disease [2].
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Type 1 diabetes mellitus (T1D) is a chronic inflammatory illness, which results from a
complete destruction of insulin-producing β-cells as an outcome of the combined action of
autoreactive T lymphocytes, inflammatory cytokines and monocytic cells. Atherosclerosis
as a primary cause of cardiovascular disease is a frequent, early and serious complication
of T1D [3,4]. People with diabetes are two to four times more likely than others to develop
CVD [5,6]. The estimated life expectancy is shorter by 14 years for women and even up
to 17 years for men with the T1D onset during childhood [7]. Cardiovascular disease has
overtaken diabetic kidney disease in being the leading reason for premature mortality in
young adults with diabetes. The direction of disease complications prevention has been
shifted to the age groups of the youth [8].

Many if not most diabetic children and adolescents do not have the optimal blood
glucose control. Clinically apparent vascular complications associated with diabetes mel-
litus rarely occur at a young age [9]. However, early subclinical, mainly functional but
also structural abnormalities, can occur a few years later after the disease onset, and they
often intensify during puberty [9,10]. In about 8% of patients with T1D, increased urinary
albumin excretion occurs after about 1–3 years of disease duration. After about 10 years,
the albuminuria prevalence was reported to be 20% [11,12]. A 25% increase in GFR was
found in children with T1D with disease duration of less than one year [13]. The first
signs of non-proliferative retinopathy appear after about 4–5 years of disease duration [14].
Fortunately, there has been a declining incidence of complications reported in many recent
research works. The incidence of retinopathy among T1D patients seems to diminish in
longitudinal follow-up studies [15,16]. The lower incidence of retinopathy was associated
with a decrease in HbA1c [17,18].

Over the previous decade, the atherosclerotic process was identified to be an inflamma-
tory illness involving proinflammatory cytokines, and inflammation seems to play a crucial
role in the pathophysiology of atherosclerosis [5]. Hyperglycemia-induced endothelial
dysfunction, together with the increased oxidative stress and hypercoagulable potential of
diabetes, accelerates the atherothrombotic complications process [19]. Oxidative stress is
closely related to the pathogenesis of diabetes mellitus (DM) and comes as a result of over-
production of the reactive oxygen species (ROS) [19,20]. ROS overproduction is related to
hyperglycemia and metabolic diseases, similar to the impaired antioxidant function [20,21].
In cases of DM, oxidative stress markers are overexpressed, suggesting that increased ROS
can also be primarily responsible for the development of diabetic complications [22].

Hence, there has been a major focus of contemporary research on clinically useful
markers to monitor the systemic inflammatory and oxidative stress burden and to search
for a specific supportive therapy. The interplay between inflammation and oxidative stress
in diabetes-accelerated atherosclerosis may be used to form a new concept in a practical
way to envisage future cardiovascular risk by evaluating the inflammatory/oxidative stress
biomarkers and designing clinical trials in which they are a therapeutic goal [18,23].

In recent years, the importance of the high-sensitivity C-reactive protein (hsCRP)
determination by the ultra-sensitive method has been confirmed [24]. hsCRP is considered
an independent predictor of the first cardiovascular incident, even stronger than classical
lipid parameters [24–26]. The clinical utility of many other biomarkers is debated. Few ox-
idative status markers have been scientifically validated—myeloperoxidase (MPO) among
them [27–30]. N-terminal-pro B-type natriuretic peptide (NT-proBNP), a useful biomarker
of chronic heart failure, has turned out to be a strong indicator of cardiovascular mortality
and a marker of atherosclerosis [31].

Studies conducted among young people using non-invasive ultrasound methods
presented strong correlation between the abnormalities of the vascular structure and
function and all classical CVD risk factors [32]. In many studies, it has been proven that the
thickness of the medial and internal membranes of carotid arteries (intima-media thickness,
IMT) is a sensitive indicator of coronary heart disease or stroke in patients with type 1
diabetes (DM1) [33].
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Of note, studies in young patients suffering from type 1 diabetes mellitus and ad-
ditional recognized early coexisting microangiopathy regarding CVD risk factors, new
biomarkers and vascular status have not been conducted so far. The current problem
faced by young patients with all chronic diseases, and especially T1D among them, is not
only life expectancy but also quality of life, which largely depends on the condition of the
cardiovascular system.

Therefore, the purpose of the presented study was to evaluate the cardiovascular risk
factors and the chosen inflammation and oxidative stress biomarkers of atherosclerosis
together with the assessment of IMT in young patients diagnosed with T1D and coexisting
early microvascular complications recognized in screening tests. We intended to explain
the issue of whether and how early microangiopathy in the type 1 diabetes course in young
patients favors premature development of the atherosclerotic process and to find the most
important related classical and new biomarkers that may predict early macroangiopathy.
We assumed that the new knowledge may help create the appropriate therapeutic goals
for these patients to minimize their cardiovascular risk and to better understand the
mechanisms of atherosclerosis.

2. Materials and Methods
2.1. Patients

Adolescents and young adult patients with type 1 diabetes, of more than 5 years
duration, aged more than 10 and under 26 years (considered the youth age group), mean
17.1 years, remaining under the standard care of the outpatient clinic of the Children’s
Hospital in Olsztyn, were eligible for the study group. According to diagnosis, which
confirmed or not the presence of microvascular complications, the recruited patients were
allocated to the study groups: group 1 with diabetes without additional associated diseases
T1D VC (−) (N = 30) and group 2 with diabetes and vascular complications T1D VC (+)
(N = 20). Patients were classified into these specific groups on the basis of the results
obtained at periodically performed screening tests, in accordance with the guidelines elabo-
rated by the Polish Diabetes Society (PTD) and the International Society for Pediatric and
Adolescent Diabetes (ISPAD). Additional diseases diagnoses were based on typical criteria
presented in the Section 2.2 of the paper. The control group consisted of twenty-two healthy,
age-matched peers—volunteers, mean age 16.5 years (Control). The protocol of the study
was accepted by the Bioethics Committee of the Warmia and Mazury University, Physicians
and Dentists Division in Olsztyn, Poland, IRB approval number: OIL 246/13/Bioethics
(2013-06-04). In every case, the parents/guardians of a minor patient—and in the case
of patient aged over 16 years, also the patients themselves—consented to participate in
the study.

2.2. Methods

A Harpenden stadiometer and digital scale were used in a standard way for measuring
the patients’ height and weight. Their body mass index (BMI) was calculated by a standard
formula. The BMI-SDS, aiming to customize for age and sex, was calculated and assessed
with the use of age- and sex-specific charts, on the basis of the local Polish OLAF study [34].
According to the BMI-SDS, we categorized patients as normal weight, overweight or obese.
Their waist was checked with a centimeter measure and then calculated as SDS waist. In
the study, we used two averaged measurements of systolic blood pressure and diastolic
blood pressure from the patients’ right arm, each one performed after a 10 min rest with a
calibrated sphygmomanometer.

Laboratory Analyses. The venous blood samples for laboratory tests were collected
after an average 10 h of fasting (8–12 h) and centrifuged for 10 min at 2000 resolution per
minute. HbA1c, lipid levels, vitamin D3, hormones and antibodies (thyroid—TSH, aTPO,
ATG and celiac—the tissue transglutaminase IgA) were assessed by routine methods in the
laboratory of the Children’s Hospital in Olsztyn, Poland. We used two ways to evaluate
HbA1c: the last average value at the time the blood samples were taken and also the average
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mean value for the entire duration of the illness. Biomarkers—high-sensitivity C-reactive
protein, adiponectin, natriuretic peptide—NT-pro BNP, myeloperoxidase (MPO) were de-
termined in the Department of Pediatric Laboratory Diagnostics, University Children’s
Teaching Hospital in Bialystok, Poland. hsCRP was figured out via the immunoturbidimet-
ric method (Tina-quant hsCRP (Latex) HS, Roche). We analyzed adiponectin, natriuretic
peptide and myeloperoxidase markers by using immunoenzymatic kits with the use of the
ELISA method (R&D Systems, Inc., Minneapolis, MN, USA).

As microangiopathy, we defined the recognized disease of the microvessels/small
blood vessels in the microcirculation. The diagnosis was made on the basis of ISPAD and
PTD recommendations. We searched for nephropathy, retinopathy and neuropathy.

Albuminuria was estimated on the basis of the criteria of the Polish Diabetes As-
sociation. Albuminuria found at least twice in the period of 3–6 months with a value
exceeding 30 mg albumin/day in a daily urine collection, was considered positive. Four-
teen patients were diagnosed with persistent albuminuria; no patient was diagnosed with
a more severe stage of nephropathy. Retinopathy was diagnosed on the basis of ophthal-
moscopic examination, which was performed in the Ophthalmology Outpatient Clinic of
the Regional Specialist Children’s Hospital in Olsztyn. Three patients were diagnosed with
non-proliferative retinopathy where microaneurysms were proved, i.e., the first stage of
diabetic retinopathy. The diagnosis of diabetic neuropathy was made on the basis of sub-
jective symptoms and neurological examination, according to the current Polish Diabetes
Society (PTD) recommendations and guidelines, performed in the Neurological Outpatient
Clinic of the Provincial Specialist Children’s Hospital in Olsztyn [35]. Eight patients were
diagnosed with peripheral, symmetric polyneuropathy, and three patients were diagnosed
with autonomic cardiac neuropathy. Several patients were diagnosed with more than just
one symptom of microangiopathy in different organs.

Ultrasound measurements. All children were examined in a quiet, temperature-
controlled room. The procedure was conducted between 8.00 and 10.00 a.m. after a fasting
period of 8–12 h. Examinations of the carotid arteries were performed by means of the
apparatus of Hewlett Packard Sonos 4500, using a 7.5 MHz linear transducer. Measure-
ments of intimal plus medial thickness in the common carotid arteries (right and left)—the
value of IMT—were performed as previously described, with our own modification [36,37].
Briefly, the measurements included the end-diastolic (minimum diameter) IMT of the far
walls (the distance from the leading edge of the first echogenic line to the leading edge of
the second echogenic line), at the distance of more than 1 cm from the bifurcation. Analyses
included the mean value of 6 measurements. No carotid plaques were found in any of the
studied children.

Statistical Analyses. The continuous variables underwent tests for normal distribution.
We used the Kolmogorov–Smirnov and Shapiro–Wilk tests. When variables met the criteria
for normal distribution, the Student’s t-test was used. For the analyses of more than
two groups, the variance analysis was used. Non-parametric Mann–Whitney U-tests for
variables not meeting the normal distribution criteria were used to make a comparison
between two groups. In the situation of comparisons for more groups, the median test
and ANOVA rank Kruskal–Wallis test were applied. The results are shown as mean ± SD
or median (Me) with the interquartile range. The univariate correlations analysis was
performed with the use of the Spearman test. Finally, the multivariate regression analysis
was performed to find the independent determinants of IMT. Variables for which the p-value
in a single univariate analysis was <0.05 were included in this analysis. All comparisons
were adjusted for gender, age, blood pressure and body mass index. The statistical analysis
was conducted with the use of Statistica 13.0 (Stat Soft, Tulsa, OK, USA).

3. Results

We included fifty T1D patients, with mean age of 17.4 + 3.2 years, diabetes duration
mean of 10.6 ± 3.01 years, HbA1c throughout the illness duration equal to 8.4 ± 1.3%
and glycated hemoglobin at the time of the analysis of 8.74 ± 1.38%. The groups did
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not differ in mean duration of diabetes, age and daily insulin requirement. The reference
group consisted of twenty-two (41% males) matched healthy peers. We present the general
characteristics of the study groups in Table 1.

Table 1. General characteristics of the study groups.

T1D Total
N = 50

T1D Group without
Vascular Complications

N = 30

T1D Group with
Vascular Complications

N = 20

Control Group
N = 22

Age (years) 17.1 ± 3 16.8 ± 3.0 18.3 ± 3.3 16.5 ± 5.0

Gender (M/F) [n(%)] 20 (40%)/30 (60%) 13
(45%)/17 (57%) 10 (50%)/10 (50%) 9 (41%)/13

(59%)

Diabetes duration (years) 10.3 ± 3.1 10.0 ± 2.8 11.6 ± 3.2

Age of onset (years) 6.8 ± 3.6 6.8 ± 3.9 6.7 ± 3.5

Body mass (kg) 63.4 ± 14.5 60.3 ± 13.3 67.0 ± 14.0 54.0 ± 13.8

Height (cm) 170.6 ± 11 170.5 ± 11 169.4 ± 12 164.4 ± 13

HbA1c mean (%) 8.4 ± 1.3 8.1 ± 1.1 9.6 ± 1.2 *

HbA1c last (%) 8.7 ± 1.2 8.6 ± 0.4 9.8 ± 1.6 * 5.4 ± 0.3

Daily insulin requirement
(UI/kg/24 h) 0.8 ± 0.18 0.8 ± 0.16 0.8 ± 0.2

Remission period (months) 7.9 ± 7.6 8.8 ± 7.6 5.6 ± 6.3

Creatinine (mg/dL) 0.75 ± 0.16 0.8 ± 0.2 0.8 ± 0.2 0.8 ± 0.2

AST (U/L) 25.1 ± 18 21.6 ± 7.4 27.2 ± 12.1 * 23.5 ± 6.5

ALT (U/L) 28 ± 10 27.1 ± 10.0 32.8 ± 15.1 24.6 ± 7.1

The data are presented as mean ± SD. * p < 0.05 in Student’s t-test (difference between patients with T1D without
vascular complications and T1D with vascular complications).

At first, the traditional risk factors of cardiovascular complications were analyzed. In
the variance analysis, all groups were compared one to another (Table 2, Figure 1). The
highest BMI was found in group T1D VC (+) compared to the T1D (VC-) and to the reference
group. Waist circumference was the highest in the group with T1D VC (+). Significantly
higher standardized BMI-SDS and waist SDS were observed in the group with T1D and
VC (+). There were statistically significant differences in both systolic and diastolic blood
pressure (BP) values between the study groups. The highest mean systolic and diastolic
BP was found in the group with T1D and VC (+). Lipids were most unfavorable in the
group of diabetic patients with vascular complications, and as for triglycerides, we found a
statistically significant difference. The last value of HbA1c and mean of the total disease
duration were the highest in T1D VC (+) patients.

Table 2. Clinical characteristics, lipids, metabolic control, “new biomarkers” of cardiovascular disease
between study groups. The results are presented as mean ± SD or median (interquartile range).

T1D without
Vascular Complications

N = 30

T1D with Vascular
Complications

N = 20

Control Group
N = 22 p-Values *

BMI (kg/m2) a 21.28 ± 2.9 a 23.07 ± 4 19.65 ± 2.4 0.002

BMI-SDS 0.40 ± 1.0 a 0.91 ± 1.5 −0.01 ± 0.58 0.021

Waist (cm) a 75.10 ± 7.6 a 78.48 ± 9 69.0 ± 7.4 <0.001

Waist SDS a 0.54 ± 1.0 a 0.93 ± 1.1 0.011 ± 0.79 0.009

Systolic BP (mmHg) a 121 ± 11 a 129 ± 14 109 ± 9 <0.001
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Table 2. Cont.

T1D without
Vascular Complications

N = 30

T1D with Vascular
Complications

N = 20

Control Group
N = 22 p-Values *

Diastolic BP (mmHg) 71 ± 6 ab 77 ± 10 69 ± 5 0.003

Total cholesterol (mg/dL) 176 ± 25 a 191 ± 38 164 ± 29 0.03

LDL (mg/dL) 101 ± 28 a 112 ± 35 89 ± 28 0.06

HDL (mg/dL) 57 ± 11 ab 52 ± 7 59 ± 11 0.05

TG (mg/dL) 82 ± 27 ab 115 ± 67 75 ± 39 0.002

HbA1c mean (%) 8.1 ± 1.1 b 9.6 ± 1.2 - <0.001

HbA1c last (%) a 8.6 ± 0.4 ab 9.8 ± 1.6 5.4 ± 0.2 <0.001

Adiponectin (ng/mL) 7704.6
(4816–10,231)

7279.8
(4541–11,926)

9746.6
(4933–11,333) 0.71

Myeloperoxidase (ng/mL)
a 200.8

(95–281)

a 147.750
(104–235)

96.8
(72–139) 0.06

NTproBNP (pg/mL) 23.4
(15.2–43.8)

ab 51.07
(28–82)

28.9
(17–37) 0.01

hsCRP (mg/L) 0.36
(0.23–0.69)

ab 1.14
(0.3–2)

0.2
(0.1–0.31) <0.001

Vit D (ng/mL) a 17.9 ± 7.9 a 14.3 ± 5 25.4 ± 5.7 <0.001

* ANOVA Kruskal–Wallis test; a p < 0.05—in comparison to the controls; b p < 0.05—in comparison to the diabetes
group without vascular complication in post hoc analyses.

The results of new biomarkers of cardiovascular disease risk showed differences in
the myeloperoxidase level (MPO), which was significantly higher in both diabetic groups
compared to the healthy controls. More than five times higher levels of hsCRP protein,
the highest concentration of NT-proBNP peptide and statistically lower concentration of
vitamin D3 were found in the T1D VC (+) group. All patients with diabetes had lower mean
vitamin D3 levels compared with controls. There were no statistically significant differences
found for adiponectin in the study groups and the control group (Table 2, Figure 2).
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At the end, we investigated the IMT value. We found that the intima-media of the
carotid arteries were significantly thicker in both diabetic groups in comparison to the
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controls. The IMT value was the highest in the group with T1D and VC (+), and the
differences between the VC (−) group and the controls were significant (Figure 3). IMT
correlated positively significantly with SDS-BMI, systolic blood pressure, HbA1c, hsCRP,
NT-proBNP and inversely with vitamin D3 concentration (Figure 4). Table 3 shows other
results of the correlations between intima-media thickness and the evaluated risk factors
and the new biomarkers of CVD in T1D VC (+) patients. Multivariate regression analysis
concerning these patients demonstrated that IMT was dependent on systolic blood pressure
and glycated hemoglobin (R2 = 0.48, B = 0.18, p = 0.001).
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Table 3. Analysis of associations between IMT and studied variables in group of T1D with vascular
complications VC (+).

IMT

Age Rho = 0.1 p = 0.5

Diabetes duration Rho = −0.22 p = 0.33

BMI Rho = 0.35 p = 0.03

BMI-SDS Rho = 0.22 p = 0.15

Waist SDS Rho = 0.2 p = 0.2

Systolic BP Rho = 0.58 p < 0.001

Diastolic BP Rho = 0.26 p = 0.084

Total cholesterol Rho = 0.11 p = 0.45

LDL Rho = 0.19 p = 0.21

HDL Rho = −0.42 p = 0.004

TG Rho = 0.26 p = 0.087

HbA1c mean Rho = 0.76 p = 0.001

Adiponectin Rho = 0.23 p = 0.19

Myeloperoxidase Rho = 0.12 p = 0.51

NT-proBNP Rho = 0.39 p = 0.020

hsCRP Rho = 0.36 p = 0.019

Vit D Rho = −0.54 p = 0.001

4. Discussion

The main finding of our study is the significant impact of an adverse profile of classic
cardiovascular risk factors in young patients (adolescents and young grown-ups) with
T1D and coinciding microvascular complications (VC) compared with T1D without any
additional disease. They represent an infrequently studied population of patients with dia-
betes. Cardiovascular risk factors are relatively generally well studied in complications-free
diabetic children. Adult and older groups of patients with confirmed clinical complications
and overt vascular disease are also well described. Our research provides an inimitable
occasion to explore the status of cardiovascular risk factors in T1D patients who are nearly
or only just adults, with a fairly long duration of diabetes but without clinically apparent
vascular complications. Our current analysis showed significant differences in body weight,
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blood pressure and triglyceride values. Poorer metabolic control of diabetes, assessed as
HbA1c over the entire disease duration and just the latest value, was confirmed in T1D
and VC (+) patients. This group had higher BMI, SDS-BMI and waist circumference. This
last indicator is crucial for the diagnosis of resistance to insulin in the clinical outcomes.
Our findings provide further evidence that the VC (+) group of T1D had more altered
parameters related to cardiovascular risk.

The accelerating frequency of worldwide obesity is evident in the growing number
of cardiovascular conditions or cancers but also autoimmune disorders. Low-grade
inflammatory process is recognized for the state of obesity, where numerous seditious
cytokines and other markers are overproduced and overactivated. The increasing body
weight has become a critical problem among patients with long-lasting T1D as well.
Children weigh more at diabetes onset than some years ago, and their body mass increases
with disease duration more than in their diabetes-free peers [38]. In a study assessing the
young population with T1D from the United States, Germany and Austria, children and
adolescents had higher BMI when compared to the reference values; twelve percent
were recognized with obesity, twenty-four percent were found overweight [39]. BMI
values exceeding the normal reference ranges were indeed found in every third child
with T1D in another study [40]. The coincidence of excessive body weight with T1D is
deliberated both as an environmental causative factor in the increased prevalence of T1D
and as a result of the underlying disease itself [41]. Evans et al. reported that a high
concentration of glucose and free fat acids generates oxidative stress and initiates insulin
resistance (IR) in genetically predisposed individuals with diabetes [42,43]. Oxidative
stress is the pathogenic element in diabetic endothelial dysfunction. Certain studies
have evaluated the impact of obesity and overweight on the development of chronic
complications in patients with T1D, suggesting that individuals with obesity are at a higher
risk of macrovascular and some microvascular complications [44]. The development of
central fatness, insulin resistance, inflammation and dyslipidemia, which are the main
components of the metabolic syndrome and T2D and acknowledged risk factors of CVD,
are associated with excessive weight gain in patients with T1D [45]. The coexistence of
clinical characteristics of type 2 diabetes in patients with type 1 diabetes, such as insulin
resistance and cardiovascular complications, was referred to as double diabetes [46]. This
diabetes “subtype” is increasing in developed countries as a result of the outbreak of obesity
among children and adolescents common in developed countries but exceedingly rare in
developing countries [46,47].

Some authors have underlined that the presence of the metabolic syndrome in T1D
should be noted as an independent risk factor for both macrovascular and microvascular
complications [48]. We observed in the presented study that patients with an increased
BMI also have a higher prevalence of risk factors—microvascular as well as macrovascular
ones. Several observational studies of T1D have found connections between obesity,
subclinical cardiovascular disease (CVD) [45,49,50] and mortality rates [51] within this
population. Obesity increases mortality in T1D and could be a predictor of future cardio-
vascular events [52]. To sum up, the presence of overweight or obesity in young patients
with T1D could have a major impact on serious metabolic consequences, particularly
during adolescence.

Our current analyses proved that our diabetic groups represented poor metabolic
control. HbA1c values deviated significantly from the recommendations; the poorest
values were found in the T1D VC (+) group. This is a well-known clinical problem.
It is veritably difficult for the youth to maintain the recommended metabolic control—
indeed, even with use of ultramodern technologies [53]. It is highly possible that chronic
hyperglycemia at this teenage age is the main contributor to IMT and microvascular
complications [54]. The results of the SEARCH CVD Study stated, however, that the
burden of cardiovascular risk factors gradually increased in youth with T1D, and body
mass was a major modifiable risk factor in predicting increased IMT, and HbA1c alone
could not clarify the value of IMT [55]. Yet, metabolic control, expressed as HbA1c,
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seems to be the most powerful CVD risk factor of arteriosclerosis. Recent DCCT/EDIC
Study population research results revealed that HbA1c is correlated with numerous
classical CVD risk factors, and its association cannot be treated as a clarification of its
effect on cardiovascular risk. It is concluded that a multifactorial interaction of traditional
nonglycemic CVD risk factors was indicated in all T1D cases. Thus, perfect metabolic
control remains the primary goal [56].

The maintenance of glycemic target goals is of the utmost importance among all popu-
lations of diabetic patients, also among adults with type 2 diabetes and already clinically
proven diabetic complications. In the recent elegant study by Badacz R, the authors aimed
to investigate whether, in diabetic patients, the renal function (RF) and systolic (SBP) and
diastolic blood pressure (DBP) values following stent-supported angioplasty (PTA) for
atherosclerotic renal artery stenosis (ARAS) have an impact on cardiovascular and renal out-
comes. In a group of 99 adult patients, they proved, among others, that major cardiac and
cerebral events (MACCE) and progression to renal replacement therapy (RRT) were higher
among those who did not reach the target glycemic goals compared to well-maintained
T2DM at 24 months observation [57].

The risk of vascular complications development in type 1 diabetes in children, greater
with worse metabolic control, is also exacerbated by lipid disorders [58]. The described
results are in line with many formerly published research works considering youth diabetic
cases [33,59]. Our studied T1D VC (+) group also presented an unfavorable lipid profile, in
particular with elevated triglycerides.

The current results of the new cardiovascular risk biomarkers of our study showed
activated oxidative stress, expressed by significantly higher myeloperoxidase levels in
both diabetic groups, independently of the presence of complications. Most previous
studies reported that myeloperoxidase is considered to play a very important role in the
initiation and onset of cardiovascular disease, including by increasing LDL, oxidation and
accelerating atherogenesis. According to Teng et al., children with T1D have significantly
elevated plasma levels of myeloperoxidase, as well as the structural and functional changes
associated with arteriosclerosis [60]. Elevated levels of this enzyme are a risk factor for the
acute coronary syndrome [61,62].

An increased “low grade” inflammation state in our diabetic groups was present in
our results, as proven by more than five times higher hsCRP protein levels compared to the
control group. The relevance of hsCRP as the new and independent biomarker of CVD,
associated substantially with increased body weight and adipose tissue and with low grade
inflammation, is established [23,62]. Our study also verified that cases diagnosed with
early microvascular complications had higher hsCRP levels in comparison not only to
the healthy group but also to the T1D VC (−) group. Roughly 25 large studies based on
observation published in the last thirty years have demonstrated high sensitivity of hsCRP,
a biomarker of inflammation, as the independent predictor for CVD [63].

Only the T1D VC (+) group had significantly higher NT-proBNP peptide levels. In-
creased NT-proBNP levels are seen in heart failure, myocardial infarction and hypertension.
In patients with acute coronary syndromes, NT-proBNP has an impact on prognosis [64,65].
In patients diagnosed with heart failure, NT-proBNP determination allows the monitoring
of treatment and an assessment of its effectiveness. According to some authors, NT-
proBNP is considered as one of the prognostic factors for the occurrence of cardiovascular
events [31,66]. In patients with type 1 diabetes, with the preserved ejection fraction and
without known heart disease, NT-proBNP was associated with increased risk of MACE and
all-cause mortality [67]. With our results, we claim to speculate that increased NT-proBNP
may be evidence of early impairment of the myocardial muscle and may serve as a marker
of early development of heart failure in the future.
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In our results, Vitamin D3 levels were significantly lower for both diabetic groups
compared to controls. Some studies reported a reciprocal relation between the insufficiency
of vitamin D and autoimmune disease risk [68]. Other studies showed lower vitamin D
levels in overweight patients and ones with T1D [69,70]. Vitamin D supplementation was
associated with improved blood vessel function in children with diabetes [70,71]. Whether
vitamin D supplementation can be preventive in the general population or those likely to
develop CVD is still open to debate [72,73].

Another interesting, crucial finding of our work was that the diabetic group with
VC (+) had significantly higher IMT compared with VC (−) patients with T1D and the
control. In the DMT1 VC (+) group, we found significantly positive correlations between
IMT and BMI, systolic blood pressure, strong correlation with HbA1c value and negative
correlation with vitamin D3. An association between leptin, adiponectin, hsCRP and IMT
was found in youth with obesity in other studies [74,75]. Some publications report this
functional intensive insulin treatment effect enhanced the control of glycemia and also
significantly decreased the IMT index and prevalence of all vascular complications [45].
Recent observations showed that those from the intensive insulin therapy group who
endured inordinate weight gain, after 15 years of observation, had increased intima-media
thickness and CVD event prevalence compared to the group that was treated with the
conventional method, thereby not gaining such good metabolic control. The increase in
body mass in long-term observation appears to abate the success of the intensive insulin
therapy treatment models and better metabolic control [1].

Our findings have potential therapeutic implications. Effective early prevention of
cardiovascular disease before clinically apparent symptoms appear is becoming a major
issue in pediatric diabetes care. With the increasing knowledge on mechanisms, which
proved oxidative stress and inflammation to be involved in early atherosclerosis pathogen-
esis, new prevention and treatment strategies need to be developed and realized. They
will include lifestyle modification and implementation of existing treatment guidelines.
The recommendations indicate the necessity of using modern ultrafast acting insulin
analogs, new diabetes technologies, namely insulin pumps with low glucose suspension
function, and continuous glucose monitoring systems to improve metabolic control and
reduce glucose variability. Recent treatment of obesity and insulin resistance in T1D
with biguanides and treatment with new diabetes drugs typical for type 2 diabetes, such
as GLP-1 analogs, SGLT-2 receptor inhibitors or even cases of bariatric surgery, have
also been reported. The pharmacological treatment of hyperlipidemia and hypertension
among young patients with T1D must be optimized. Large-scale prospective studies
will be needed to determine the risks and benefits of early pharmacologic intervention
in children and adolescents.

The possible proposed pathophysiological impact of biomarkers on the progression of
atherosclerosis and possible ways to influence the process of diminishing vascular disease
development, based on our results and the papers cited in the Section 4, is presented in
Figure 5.
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5. Conclusions

Youth with type 1 diabetes with confirmed early microangiopathy present higher BMI,
circumference of waist and HbA1c values and lipid alterations, which altogether can result
in a premature development of diabetic cardiovascular complications in the near future.
The extra risk of accelerated CVD may be a result of increased myeloperoxidase and CRP
protein level, together with decreased vitamin D. Increased NT-proBNP may be evidence
of early impairment of the myocardial muscle and a marker of early development of heart
failure. The coexistence of microvascular complications significantly affected the IMT
value in our T1D youth patients. Finding an explanation for whether and how additional
early microvascular changes during the lifespan with type 1 diabetes mellitus may cause a
premature atherosclerotic process can help identify the appropriate therapeutic targets for
these patients to reduce their cardiovascular risk, but it may also be a further step toward
understanding the mechanisms of inflammation and oxidative stress in atherosclerosis.
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Drzewoski, J.; Dzida, G.; et al. 2021 Guidelines on the management of patients with diabetes. A position of Diabetes Poland. Clin.
Diabetol. 2021, 10, 1. [CrossRef]

36. Glowinska-Olszewska, B.; Tolwinska, J.; Urban, M. Relationship between endothelial dysfunction, carotid artery intima-media
thickness and circulating markers of vascular inflammation in obese hypertensive children and adolescents. J. Pediatr. Endocrinol.
Metab. 2007, 20, 1125–1136. [CrossRef]

37. Jourdan, C.; Wühl, E.; Litwin, M.; Fahr, K.; Trelewicz, J.; Jobs, K.; Schenk, J.-P.; Grenda, R.; Mehls, O.; Tröger, J.; et al. Normative
values for intima-media thickness and distensibility of large arteries in healthy adolescents. J. Hypertens. 2005, 23, 1707–1715.
[CrossRef] [PubMed]

http://doi.org/10.2337/dc11-0102
http://www.ncbi.nlm.nih.gov/pubmed/22025782
http://doi.org/10.4103/0019-5359.32098
http://doi.org/10.1155/2019/4189813
http://www.ncbi.nlm.nih.gov/pubmed/31192263
http://doi.org/10.3389/fcvm.2020.00012
http://www.ncbi.nlm.nih.gov/pubmed/32133373
http://doi.org/10.1080/21623945.2019.1690834
http://www.ncbi.nlm.nih.gov/pubmed/31718404
http://doi.org/10.1161/circulationaha.106.179568
http://www.ncbi.nlm.nih.gov/pubmed/17130340
http://doi.org/10.1016/j.tem.2012.10.002
http://www.ncbi.nlm.nih.gov/pubmed/23153419
http://doi.org/10.1038/ncpcardio1322
http://doi.org/10.1542/peds.2005-0810
http://doi.org/10.2105/AJPH.2008.137679
http://www.ncbi.nlm.nih.gov/pubmed/19106420
http://doi.org/10.1161/CIRCULATIONAHA.104.508465
http://www.ncbi.nlm.nih.gov/pubmed/16129801
http://www.ncbi.nlm.nih.gov/pubmed/6326898
http://doi.org/10.3389/fpubh.2014.00193
http://www.ncbi.nlm.nih.gov/pubmed/25353014
http://doi.org/10.1016/j.ijcha.2020.100553
http://www.ncbi.nlm.nih.gov/pubmed/32529024
http://doi.org/10.1007/s00467-015-3188-1
http://www.ncbi.nlm.nih.gov/pubmed/26275663
http://doi.org/10.1186/1475-2840-10-53
http://doi.org/10.5603/DK.2021.0001
http://doi.org/10.1515/JPEM.2007.20.10.1125
http://doi.org/10.1097/01.hjh.0000178834.26353.d5
http://www.ncbi.nlm.nih.gov/pubmed/16093916


J. Clin. Med. 2022, 11, 4732 16 of 17

38. Fröhlich-Reiterer, E.; Rosenbauer, J.; Pozza, S.B.-D.; Hofer, S.E.; Schober, E.; Holl, R.W.; on behalf of the DPV-Wiss Study Group
and the German BMBF Competence Networks Diabetes mellitus and Obesity. Predictors of increasing BMI during the course of
diabetes in children and adolescents with type 1 diabetes: Data from the German/Austrian DPV multicentre survey. Arch. Dis.
Child. 2014, 99, 738–743. [CrossRef]

39. Chobot, A.; Górowska-Kowolik, K.; Sokołowska, M.; Jarosz-Chobot, P. Obesity and diabetes-Not only a simple link between two
epidemics. Diabetes Metab. Res. Rev. 2018, 34, e3042. [CrossRef]

40. Versini, M.; Jeandel, P.-Y.; Rosenthal, E.; Shoenfeld, Y. Obesity in autoimmune diseases: Not a passive bystander. Autoimmun. Rev.
2014, 13, 981–1000. [CrossRef]

41. Rewers, M.; Ludvigsson, J. Environmental risk factors for type 1 diabetes. Lancet 2016, 387, 2340–2348. [CrossRef]
42. Evans, J.L.; Goldfine, I.D.; Maddux, B.A.; Grodsky, G.M. Oxidative stress and stress-activated signaling pathways: A unifying

hypothesis of type 2 diabetes. Endocrinol. Rev. 2002, 23, 599–622. [CrossRef]
43. Salmon, A.B. Beyond Diabetes: Does Obesity-Induced Oxidative Stress Drive the Aging Process? Antioxidants 2016, 5, 24.

[CrossRef] [PubMed]
44. Corbin, K.D.; Driscoll, K.A.; Pratley, R.E.; Smith, S.R.; Maahs, D.M.; Mayer-Davis, E.J. Advancing care for Type 1 diabetes and

obesity network (ACT1ON). Obesity in type 1 diabetes: Pathophysiology, clinical impact, and mechanisms. Endocrinol. Rev. 2018,
39, 629–663. [CrossRef]

45. Purnell, J.Q.; Zinman, B.; Brunzell, J.D. The effect of excess weight gain with intensive diabetes mellitus treatment on cardiovas-
cular disease risk factors and atherosclerosis in type 1 diabetes mellitus: Results from the Diabetes Control and Complications
Trial/Epidemiology of Diabetes Interventions and Complications Study (DCCT/EDIC) study. Circulation 2013, 127, 180–187.
[CrossRef]

46. Pozzilli, P.; Guglielmi, C. Double diabetes: A mixture of type 1 and type 2 diabetes in youth. Endocrinol. Dev. 2009, 14, 151–166.
[CrossRef]

47. Olamoyegun, M.A.; Ala, O.A.; Ugwu, E. Coexistence of type 1 and type 2 diabetes mellitus: A case report of “double” diabetes in
a 17-year-old Nigerian girl. Pan Afr. Med. J. 2020, 37, 35. [CrossRef] [PubMed]

48. Vilarrasa, N.; Jose, P.S.; Rubio, M.; Lecube, A. Obesity in Patients with Type 1 Diabetes: Links, Risks and Management Challenges.
Diabetes Metab. Syndr. Obes. 2021, 14, 2807–2827. [CrossRef] [PubMed]

49. Merger, S.; Kerner, W.; Stadler, M.; Zeyfang, A.; Jehle, P.; Müller-Korbsch, M.; Holl, R. Prevalence and comorbidities of double
diabetes. Diabetes Res. Clin. Pract. 2016, 119, 48–56. [CrossRef]

50. Rodrigues, T.C.; Veyna, A.M.; Haarhues, M.D.; Kinney, G.L.; Rewers, M.; Snell-Bergeon, J.K. Obesity and coronary artery calcium
in diabetes: The Coronary Artery Calcification in Type 1 Diabetes (CACTI) study. Diabetes Technol. Ther. 2011, 13, 991–996.
[CrossRef] [PubMed]

51. Conway, B.; Miller, R.; Costacou, T.; Fried, L.; Kelsey, S.; Evans, R.W.; Orchard, T. Adiposity and mortality in type 1 diabetes. Int.
J. Obes. 2009, 33, 796–805. [CrossRef] [PubMed]

52. Collier, A.; Hair, M.; Cameron, L.; Ghosh, S.; Waugh, N.; Connelly, P.J. Mortality risk remains higher in individuals with type
1 diabetes: A population-based cohort study (the Ayrshire diabetes follow-up cohort [ADOC]). Diabetes Obes. Metab. 2018, 20,
1965–1971. [CrossRef] [PubMed]

53. Rosenbauer, J.; Dost, A.; Karges, B.; Hungele, A.; Stahl, A.; Bächle, C.; Gerstl, E.M.; Kastendieck, C.; Hofer, S.E.; Holl, R.W.; et al.
Improved Metabolic Control in Children and Adolescents with Type 1 Diabetes: A trend analysis using prospective multicenter
data from Germany and Austria. Diabetes Care 2012, 35, 80–86. [CrossRef]

54. Poznyak, A.; Grechko, A.V.; Poggio, P.; Myasoedova, V.A.; Alfieri, V.; Orekhov, A.N. The Diabetes Mellitus-Atherosclerosis
Connection: The Role of Lipid and Glucose Metabolism and Chronic Inflammation. Int. J. Mol. Sci. 2020, 21, 1835. [CrossRef]

55. Shah, A.S.; Dabelea, D.; Fino, N.F.; Dolan, L.M.; Wadwa, R.P.; D’Agostino, R.; Hamman, R.; Marcovina, S.; Daniels, S.R.; Urbina,
E.M. Predictors of Increased Carotid Intima-Media Thickness in Youth with Type 1 Diabetes: The SEARCH CVD Study. Diabetes
Care 2016, 39, 418–425. [CrossRef]

56. Bebu, I.; Braffett, B.H.; Orchard, T.J.; Lorenzi, G.M.; Lachin, J.M.; The DCCT/EDIC Research Group. Mediation of the Effect of
Glycemia on the Risk of CVD Outcomes in Type 1 Diabetes: The DCCT/EDIC Study. Diabetes Care 2019, 42, 1284–1289. [CrossRef]
[PubMed]
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