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Comparison of novel markers of
metabolic complications and
cardiovascular risk factors
between obese non-diabetic
and obese type 1 diabetic
children and young adults
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and Barbara Głowińska-Olszewska2*

1Department of Clinical Pediatrics, Faculty of Medical Sciences, University of Warmia and Mazury in
Olsztyn, Provincial Specialist Children’s Hospital, Olsztyn, Poland, 2Department of Pediatrics,
Endocrinology, Diabetology with Cardiology Division, Medical University of Białystok,
Białystok, Poland
Introduction: For the past years, the prevalence of obesity is growing in the

general population of children, as well as among diabetic patients, resulting in

increased risk of cardiovascular complications. Type 1 diabetes mellitus (T1DM)

is one of the most common chronic sdiseases in children and young adults,

leading to decreased life quality and lifespan, with obesity being recognized

recently as a major contributing factor to these health problems. The objective

of this study was to analyze and compare the selected novel markers for

metabolic complications of obesity and vascular risk factors between obese

non-diabetic and obese T1DM children and young adults.

Methods: One hundred four subjects, aged between 10 and 24 years (31 with

T1DM and excessive body weight, 41 with obesity without diabetes, and 32 with

T1DM and normal weight), and 32 matched lean controls were included in the

study. Clinical characteristics, blood pressure measurements, daily

requirement for insulin, HbA1c%, plasma lipids, fetuin-A, E-selectin, and

osteoprotegerin levels were compared with respect to body mass index

(BMI), body mass index standard deviation score (BMI-SDS), and carotid

intima-media thickness (cIMT) of common carotid arteries.

Results: Patients with T1DM and excessive body weight compared to non-

diabetic obese subjects had similar values of systolic blood pressure (125.6 ±

8.2 vs. 127.3 ± 12.9 mmHg, p = 0.515), diastolic blood pressure (78.19 ± 7.03 vs.

78.02 ± 8.01 mmHg, p = 0.918), cholesterol (175.26 ± 34.1 vs. 163.51 ± 26.08

mg/dl, p = 0.102), LDL (108.03 ± 32.55 vs. 112.22 ± 26.36 mg/dl, p = 0.548), and

triglyceride levels (118.19 ± 71.20 vs. 117 ± 55.80 mg/dl, p = 0.937); all values

were found to be higher compared to non-obese T1DM and healthy controls.

HbA1c level and insulin resistance indices were significantly worse in T1DM
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obese vs. T1DM non-obese patients. Fetuin-A levels were higher among obese

non-diabetic patients (p = 0.01), and E-selectin and osteoprotegerin levels

were similar in both groups with obesity, but higher than in the reference

group. There were no statistical differences in cIMT with T1DM with normal

weight, excessive weight, and non-diabetic obese children; however, the cIMT

value was higher compared to the reference group.

Discussion: Novel markers of metabolic complications of obesity are similar

between obese T1DM and non-diabetic subjects. Obesity in patients with T1DM

results in worse metabolic control, insulin resistance, and increased risk for

vascular complications.
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type 1 diabetes mellitus, obesity, fetuin-A, E-selectin, osteoprotegerin
Introduction

In the last decades, the prevalence of obesity and diabetes

mellitus has been rapidly growing (1). Once considered a

problem in high-income countries, overweight and obesity

are nowadays recognized as an epidemic worldwide, resulting

in metabolic complications such as insulin resistance,

dyslipidemia, hypertension, metabolic syndrome, and non-

alcoholic fatty liver disease. It is also recognized as a risk

factor for cardiovascular diseases.

According to WHO, over 39 million children under 5 years

and 340 million children aged 5–19 are overweight or obese (2–

4). Type 1 diabetes mellitus (T1DM) is one of the most common

chronic diseases leading to decreased life quality and lifespan.

The main cause of death among diabetic patients is

cardiovascular complications. T1DM itself is recognized as a

high-risk factor for cardiovascular disease (5–7). Others include

hypertension, decreased HDL, and increased triglyceride levels.

The prevalence of obesity in patients with T1DM is also rising

and is associated with insulin pump therapy, early onset,

puberty, female sex, and low levels of physical activity.

Excessive body weight in children with T1DM has recently

been recognized as a significant factor contributing to

complications on various stages of the disease. Furthermore,

the prevalence of insulin resistance, associated with being

overweight and/obese, was previously linked to type 2 diabetes

and is increased in children with T1DM (8). It is now recognized

that insulin resistance results in worse glycemic control, higher

HbA1c, and higher atherogenic lipid profile, and contributes to

earlier development of microangiopathy as well as

macroangiopathy. Measurement of insulin resistance in T1DM

is difficult due to hypoinsulinemia, and methods such as

HOMA-IR (homeostasis model assessment of insulin
02
resistance) cannot be used. Therefore, the euglycemic–

hyperinsulinemic clamp has been proposed, but not

commonly used in practice, because it is labor-intensive and

invasive. For clinical purposes, estimated glucose disposal rate

(eGDR) has been developed, which is strongly correlated with

clamp-measured insulin resistance. The formula is based on

clinical measurements, such as hypertension status, waist-to-hip

ratio, and HbA1c%, or especially in children—age, daily insulin

requirement, and HbA1c% (9–12).

Additionally, to estimate the visceral adiposity dysfunction

associated with cardiometabolic risk, a sex-specific index based

on waist circumference, BMI, triglycerides, and HDL—visceral

adiposity index (VAI)—was created (13).

The obesity epidemic caused increased interest in factors

released by adipose tissue, such as inflammatory cytokines, fatty

acids, and adipocytokines. In addition to well-described

adipocytokines and markers of the inflammatory process, new

prognostic indicators of an increased risk of developing

cardiovascular diseases are still being sought.

While recent studies have shown a good correlation between

risk of cardiovascular disease and some novel metabolic markers

[osteoprotegerin (OPG), fetuin-A, and E-selectin] in adults,

limited studies have been conducted in children (14).

Fetuin-A (Alpha-2 Heremans Schmid glycoprotein), which

is a negative acute phase, also causes insulin resistance by

enhancing insulin receptor tyrosine kinase activity and insulin

receptor auto-phosphorylation. The fetuin-A production is

increased by hyperlipidemia and hyperglycemia. The current

studies provide evidence that higher levels of fetuin-A are also

associated with higher risk of cardiovascular complications (15).

In a case–cohort study, Weikert et al. showed that patients with

high fetuin-A concentrations had a fourfold increased risk for

myocardial infarction and ischemic stroke compared to subjects
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with low fetuin-A levels (16). OPG is a cytokine member of the

tumor necrosis factor (TNF) involved in bone metabolism and

vascular calcification and atherogenesis (17). Recent studies

showed that the RANK/RANKL/OPG pathway is important

for the regulation of obesity, as well as associations between

OPG levels and ischemic heart disease and insulin resistance

(18). Alharbi et al. found that serum OPG level was significantly

elevated in obese with insulin resistance patients compared to

control subjects (19).

Moreover, Perez de Ciriza et al. in their study showed that

patients with the metabolic syndrome had higher OPG than

patients without. OPG correlated with carotid intima-media

thickness (cIMT) and patients with atherosclerosis had higher

OPG concentrations (20).

E-selectin is an endothelial adhesion molecule known to be

integrally involved in the development of atherosclerotic plaque

by promoting the adhesion of leukocytes to the endothelial wall.

Levels of E-selectin are also increased in obesity (21). The

MIAMI study that examined the relationship between various

circulating markers of inflammation and CIMT found that E-

selectin was strongly correlated to atherosclerotic burden and

CIMT and inversely correlated to HDL-c (22).

Recent studies have shown that obesity and T1DM in youth

are associated with greater cIMT. It is also influenced by

hypertension, dyslipidemia, and poor glycemic control (23–25).

The objective of the study was to analyze and compare

selected novel markers of metabolic complications of excessive

body weight and classical cardiovascular risk factors between

obese non-diabetic and obese T1DM children. The following

variables were analyzed: daily insulin requirement, insulin

resistance, measurement of the cIMT, and levels of fetuin-A,

E-selectin, and OPG.

Therefore, the aim of this study was to investigate the link

between obesity among type 1 diabetic patients, novel markers,

and risk of cardiovascular complications.

We hypothesized that our results might help to identify the

group of patients with higher risk of macroangiopathy as well as

create the therapeutic goals for these patients, which might delay

the development of chronic complications.
Methods

The study was performed in the Pediatric Endocrinology

and Diabetology Division, Department of Clinical Pediatrics as

well as Outpatient Clinics of Provincial Specialist Children’s

Hospital in Olsztyn between 2019 and 2022. The Ethics

Committee of University of Warmia and Mazury approved

this study (approval number KB/13/2019). Written informed

consent forms were acquired from parents and patients older

than 16 years.
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Patients

One hundred four patients, aged between 10 and 24 years

(31 with T1DM and obesity, 41 with obesity, and 32 with T1DM

and normal weight), were enrolled in the study. The onset of

T1DM must have been at least 2 years prior. The control group

consisted of 32 age-matched healthy peers (BMI < 90 pc and

BMI-SDS < 1).

The following inclusion criteria were used for the

participants: excessive body weight was defined by BMI >

90 pc and BMI-SDS > 1 for children with T1DM and BMI >

97 pc and BMI-SDS > 2 for children with simple obesity based

on BMI-for-age percentile charts of the nationally representative

group. Clinical remission of diabetes, more than one

autoimmune comorbidity, and microvascular complications

were exclusion criteria for children with T1DM. Further

exclusion criteria for all the participants included acute

infection, previous surgery, or trauma 1 month prior.
Physical examination and clinical data

Weight, height, and waist circumference were measured.

Body mass index (BMI kg/m2) was calculated by the following

formula: weight (kg)/height2 (m2). Standardized BMI (BMI-

SDS) was calculated by the following formula: (BMI − BMI

50 pc)/0.5× (BMI 50 pc − BMI 3 pc). Waist circumference SDS

was calculated by the following formula: (waist circumference −

waist circumference 50 pc)/0.5× (waist circumference 50 pc −

waist circumference 3 pc). Obtained data were referenced to

polish percentile charts according to age and sex (26). The

average of three measurements was taken to determine

blood pressure.

In patients with T1D, data including diabetes duration and

daily requirement of insulin were collected.
Laboratory methods

Venous blood samples were obtained after 8–12 h of fasting

for laboratory tests. Eight milliliters of blood was collected and

then centrifuged for 10 min at 2,000 turns per minute. Blood

tests, including glycated hemoglobin (HbA1c), total cholesterol

(TC), low-density lipoprotein (LDL), high-density lipoprotein

(HDL), blood glucose (BG), insulin, alanine aminotransferase

(ALT), aspartate aminotransferase (AST), gamma-glutamyl

transferase (GGT), and 25-hydroksyvitamin D, were

performed using standard methods in the Diagnostic

Laboratory of Provincial Specialist Children’s Hospital in

Olsztyn. The remaining material (serum) was stored at a

temperature of −80°C until the determination.
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To analyze novel markers of metabolic complications and

cardiovascular risk factors including fetuin-A, E-selectin, and

OPG, commercially accessible rapid sandwich immunoassay

ELISA kits were used at the Institute of Animal Reproduction

and Food Research of Polish Academy of Science.

In addition, in children with obesity, oral glucose toleration

test (OGTT) was performed (1.75 g/kg, maximum 75 g of

glucose). Insulin sensitivity was estimated by the homeostasis

model assessment of insulin resistance (HOMA-IR) index using

the following formula: fasting insulin × fasting blood glucose

(mg/dl)/405. Interpretation of OGTT and diagnosis of

prediabetes were established according to the criteria of Polish

Society of Diabetes 2022 (27).

The following formulas were used for assessment of insulin

resistance: for non-diabetic patients, HOMA-IR, while for type 1

diabetic patients, eGDR.

Additionally, visceral adipose function was expressed by

the VAI.

eGDR was calculated using two indirect methods:

eGDR 1: 20.91 + [1.51 × (boy 1, girl 0)] − [0.1 × (age in years)] −

[0.13 × (waist circumference in cm)] − [0.3 × HbA1c%] − [2.11 ×

daily insulin requirement], and eGDR2: 21.158 + (−0.09 × waist

circumference in cm) + (−3.407 × 1 for HBP) + (−0.551 × HbA1c

%). Lower values indicate greater insulin resistance (28, 29).

VAI was calculated according to sex using the following

formula: girls: (waist circumference/36.58 + [1.89 × BMI]) ×

(TG/0.81) × (1.52/HDL) boys: (waist circumference/39.68 +

[1.88 × BMI]) × (TG/1.03) × (1.31/HDL) (13).
Ultrasound

PHILIPS, Toshiba Apolio 500 ultrasound devices were used

for measuring cIMT based on standard protocol. Covered end-

diastolic (minimum diameter) IMT of the far walls (the distance

between the leading edge of the first echogenic line and the

leading edge of the second echogenic line) within a distance

larger than 1 cm from the bifurcation was measured. The mean

value of six measurements (three from the left and three from

the right carotid artery) was included in the analyses (30, 31).
Statistical analysis

Statistical analysis was performed using STATISTICA v.13.3

software. Quantitative variables were expressed as mean and

standard deviation (SD).

The values of categorized variables were presented in terms

of cardinality (N).

To analyze the differences between the studied parameters in

individual groups, the following parametric tests were used:

Student’s t-test for the comparison of two groups and the

ANOVA test (with the post-hoc NIR test) in the case of a
Frontiers in Endocrinology 04
larger number of groups for the variables expressed on the

quantitative scale.

The analysis of correlations was performed using the

Pearson correlation coefficient.

Statistically significant results were found at the level of p < 0.05.
Results

Patients with T1DM and excessive body weight compared to

non-diabetic obese subjects had similar values of systolic blood

pressure (125.6 ± 8.2 vs. 127.3 ± 12.9 mmHg, p = 0.515), diastolic

blood pressure (78.19 ± 7.03 vs. 78.02 ± 8.01 mmHg, p = 0.918),

cholesterol (175.26 ± 34.1 vs. 163.51 ± 26.08 mg/dl, p = 0.102),

LDL (108.03 ± 32.55 vs. 112.22 ± 26.36 mg/dl, p = 0.548), and

triglyceride levels (118.19 ± 71.20 vs. 117 ± 55.80 mg/dl, p =

0.937); all values were higher compared to non-obese T1DM and

healthy controls. The general characteristics of the study groups

are shown in Table 1.

We noted a difference in glycemic control among diabetic

patients. Mean HbA1c levels from the year prior to the study

and obtained during the study were higher in obese T1DM patients,

7.99 ± 0.93% and 8.1 ± 1.21%, than in non-obese T1DM patients,

7.61 ± 0.89% and 7.780 ± 0.91% (p = 0.099, p = 0.252), although not

significant. Daily dosage of the insulin was similar; however, insulin

resistance indices eGDR1 and eGDR2 were significantly lower in

obese T1DM patients than in non-obese T1DM patients: eGDR1:

5.16 ± 1.33 vs. 6.96 ± 1.32; eGDR2: 9.37 ± 1.21 vs. 10.66 ± 0.9

(p = 0.0001, p = 0.0001), meaning insulin resistance (Table 2). Daily

dosage of the insulin was similar 0.83±0.16 in T1DM vs 0.85±0.17

[IU/kg/24hrs] (p=0.593).

Comparing novel markers of metabolic complications and

cardiovascular risk factors revealed that fetuin-A levels were

higher among obese non-diabetic children, 667.18 ± 363.12 vs.

388.87 ± 253.75 [mg/ml] (p = 0.01); E-selectin, 815.87 ± 751.92 vs.

582.01 ± 645.75 [ng/ml], and OPG levels, 0.10 ± 0.04 vs. 0.10 ±

0.03 [ng/ml], were similar in both groups with obesity. However,

there was statistical difference in E-selectin and OPG levels

between the obese non-diabetic group, the obese with T1DM

group, and the control group: 238.78 ± 434.90 [ng/ml] (p < 0.0002;

p < 0.035); 0.08 ± 0.03 [ng/ml] (p < 0.012; p < 0.022) (Table 3;

Figures 1A–C).

There were no statistical differences in intima-media thickness

between patients with T1DM with normal weight, 0.47 ± 0.12

[mm], excessive weight, 0.44 ± 0.04 [mm], and non-diabetic obese

children, 0.44 ± 0.05 [mm]; however, the cIMT value was higher

than the reference group, 0.38 ± 0.03 [mm] (p < 0.0001;

p < 0.0001; p < 0.0001) (Figure 2).

A significant positive correlation was found among the obese

non-diabetic patients between BMI, BMI-SDS, and waist

circumference with OPG: r = 0.560 (p < 0.001); r = 0.618

(p < 0.001); r = 0.547 (p < 0.001). Among obese T1D children,

fetuin-A levels were significantly positively correlated with BMI,
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r = 0.572 (p < 0.001), BMI-SDS, r = 0.723 (p < 0.0001), HDL

[mg/dl], r = 0.514 (p < 0.01), and daily insulin requirement,

r = 0.577 (p < 0.001), and negatively with eGDR2, r = −0.521

(p < 0.01).
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In non-diabetic obese patients, cIMT was positively correlated

with BMI, r = 0.675 (p = 0.003), BMI-SDS, r = 0.679 (p = 0.003),

waist circumference SDS, r = 0.638 (p = 0.006), SBP, r = 0.6523 (p

= 0.036), DBP, r = 0.600 (p = 0.011), TG, r = 0.5069 (p = 0.017),
TABLE 2 Glycemic control in type 1 diabetic patients .

T1DM group T1DM obese group p

Gender M/F(%) 13 (40,6%)/ 10 (32,3%)/

19 (59.4%) 21 (67,7%)

Age [years] 15.19±3.29 15.63±2.59 0.56

Height [cm] 163.94±12.00 164.72±11.42 0.791

Body weight [kg] 54.44±13.05 73.45±12.98 0.0001*

T1D duration [years] 8.67±4.52 7.09±2.96 0.107

Mean HbA1c from last year 7.61±0.89 7.99±0.93 0.099

HbA1c last [%] 7.78±0.91 8.10±1.21 0.252

Daily insulin requirement [IU/kg/24hrs] 0.83±0.16 0.85±0.17 0.593

eGDR1 6.96±1.32 5.16±1.33 0.0001*

eGDR2 10.66±0.90 9.37±1.21 0.0001*
frontier
The data are presented as mean±SD *p<0.05 in t-student test.
TABLE 1 General characteristics of the study groups.

Obese group
(N = 41)

T1DM group
(N = 32)

T1DM obese group
(N = 31)

Control group
(N = 32)

p

Gender (M/F)
[n (%)]

16 (39.0%)/25 (61.0%) 13 (40.6%)/19 (59.4%) 10 (32%)/21 (68%) 9 (28.1%)/23 (71.9%)

Age [years] 13.82 ± 2.87 bc 15.19 ± 3.29 15.63 ± 2.59 a 13.84 ± 2.70 0.017

Height [cm] 164.34 ± 11.59 163.94 ± 12.00 164.72 ± 11.42 160.15 ± 13.30 0.395

Body weight [kg] 92.29 ± 23.84 abc 54.44 ± 13.05 b 73.45 ± 12.98 a 48.88 ± 10.88 0.0001

BMI [kg/m2] 33.82 ± 6.32 abc 20.00 ± 2.55 b 26.85 ± 2.53 a 18.70 ± 2.31 0.0001

BMI-SDS 5.24 ± 2.20 abc 0.21 ± 0.64 b 2.49 ± 0.87 a −0.05 ± 0.59 0.0001

Waist circumference [cm] 97.87 ± 13.66 abc 69.00 ± 7.27 ab 80.42 ± 6.98 a 63.86 ± 6.27 0.0001

Waist circumference—SDS 4.62 ± 1.93 abc 0.25 ± 0.65 b 1.83 ± 0.80 a −0.21 ± 0.66 0.0001

Systolic blood pressure [mm/Hg] 127.32 ± 12.93 ac 120.16 ± 10.02 ab 125.58 ± 8.18 a 110.44 ± 7.10 0.0001

Diastolic blood pressure [mm/Hg] 78.01 ± 8.01 ac 73.94 ± 7.95 ab 78.19 ± 7.03 a 69.88 ± 7.30 0.0001

Cholesterol [mg/dl] 163.51 ± 26.08 a 164.69 ± 32.42 a 175.26 ± 34.10 a 149.06 ± 26.25 0.007

TG [mg/dl] 117.00 ± 55.80 a 71.31 ± 18.76 b 118.19 ± 71.2 a 63.03 ± 27.42 0.0001

HDL [mg/dl] 48.22 ± 9.25 abc 62.09 ± 12.30 59.97 ± 15.76 58.56 ± 14.31 0.0001

LDL [mg/dl] 112.22 ± 26.36 a 99.75 ± 28.72 a 108.03 ± 32.55 a 85.91 ± 20.66 0.001
s

The data are presented as mean ± SD; ANOVA test.
ap < 0.05, compared to the control group.
bp < 0.05, compared to T1DM obese.
cp < 0.05, compared to T1DM in post-hoc tests.
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fasting insulin level, r = 0.767 (p = 0.000), HOMA-IR, r = 0.768

(p = 0.000), and OPG level, r = 0.528 (p = 0.029).

In the group of obese children with T1D, cIMT was

positively correlated with TG, r = 0.611 (p = 0.027), and VAI,

r = 0.611 (p = 0.027). Negative correlation was reported with

HDL, r = −0.694 (p = 0.008).
Discussion

The relationship of body weight and adiposity with

cardiovascular risk factors and novel markers for metabolic

complications in children and young adults with T1DM is not

fully understood (32).

In the DCCT/EDIC study, excess weight gain among the

patients with T1DM was reported to be associated with sustained

increases in central obesity, insulin resistance, dyslipidemia, and

hypertension, as well as more extensive atherosclerosis (33, 34).

It is important to remember that the American Heart

Association classified T1DM as a high cardiovascular risk

factor for pediatric patients who are at risk of obesity (35).

Because children and young adults with T1DM and

excessive body weight have a higher likelihood of having

coexisting hypertension, dyslipidemia, and elevated alanine

aminotransferase, the problem of metabolic syndrome among

them should also be considered.

Merger et al., in their cross-sectional study, suggest that

T1DM with metabolic syndrome is an independent risk factor

for T1DM patients in developing macrovascular and

microvascular comorbidities (36). Moreover, atherogenic lipid

profile is also associated with unsatisfactory diabetes control.

The prospective SEARCH study showed that the frequency of

dyslipidemia with inadequate glycemic control (HbA1c ≥ 9%),

longer T1D duration, obesity, and hypertension correlated with

higher cIMT (37). The results from our study showed the

association of BMI and BMI-SDS with atherogenic lipid profile

and higher blood pressure in obese patients with T1DM, which is

consistent with previous studies. However, no significant

differences in SBP, DBP, total cholesterol, LDL, and TG levels
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were found between obese diabetic and non-diabetic patients,

suggesting that obesity and its complications, such as diabetes

mellitus, might increase the risk of cardiovascular diseases.

Relatively little is known about novel markers such as fetuin-A,

E-selectin, and OPG among young patients with T1DM and their

correlation with body weight, insulin resistance, and risk of

cardiovascular diseases. Siraz et al., in their study, presented that

patients with fetuin-A levels above the cutoff value had poorer

glycemic control and higher TG levels (38). The association

between insulin resistance and higher fetuin-A level among the

male patients with T1DM was reported in a previous study (39).

Moreover, the connection between serum fetuin-A concentration

and the development of cardiovascular complications in diabetics

has been reported (40).

One of the most intriguing novel findings of our study is that

fetuin-A levels were higher among obese non-diabetic children

than in obese T1DM. It could be explained by the hypothesis

that in patients without diabetes, fetuin-A plays a potentially

protective role against coronary artery disease and acute

cardiovascular events and also prevents spontaneous mineral

precipitation in the vasculature (41–43). This might suggest that

in diabetic patients, the inflammatory process occurs faster

compared to non-diabetic obese patients, regardless of obesity.

Moreover, fetuin-A levels among obese diabetic patients

correlated with obesity, higher daily insulin requirement, and

insulin resistance. These findings indicate that fetuin-A can be

used as a parameter for predicting cardiovascular complications

of T1DM and for monitoring poor glycemic control.

However, further research should be performed to establish

precise cutoff points.

It is now recognized that a higher E-selectin level is a marker

for development of atherosclerosis. Several studies reported

increased levels in patients with obesity, metabolic syndrome,

and T1DM. It was also noted that among the diabetic patients,

there is a positive correlation between HbA1c, diastolic blood

pressure, cholesterol, TG, and E-selectin levels.

In our study, serum E-selectin levels were similar among

obese patients with T1DM and non-diabetic patients, but higher

than the other groups. In contrast to other groups, no obvious
frontiersin.org
TABLE 3 Comparison of the novel markers between non – diabetic and T1DM obese patients.

Obese group T1DM obese group p

Mean±SD Med Mean±SD Med

E-selectin [ng/ml] 815.87±751.92 296.78 582.01 ± 645.75 274.13 0.280

Osteoprotegerin [ng/ml] 0.10 ± 0.04 0.10 0.10 ± 0.03 0.09 0.914

Fetuin A [ug/ml] 667.18 ± 363.12 807.42 388.87 ±253.75 300.26 0.01*
The data are presented as mean±SD.
*p < 0.05 in t-student test.
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correlation between classical risk factors and novel markers was

noted (44, 45).

OPG is a bone-related peptide that can be found in different

tissues, including bone, heart, and vascular endothelial cells.

Current data suggest that increased plasma OPG concentrations
Frontiers in Endocrinology 07
are associated with atherosclerosis in the general population and

are an independent predictor of cardiovascular complications in

a large cohort of patients with T1DM 1 (46).

Our investigations show that OPG levels did not differ between

obese T1DM patients and non-diabetic obese subjects, but were
A

B

C

FIGURE 1

(A) Comparison of the fetuin-A in the study groups. (B)Comparison of the E-selectin in the study groups. (C)Comparison of the osteoprotegerin in the
study groups.
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higher in healthy individuals. Those findings are in line with those

obtained by Gelluzi et al. and Ayina et al. (47). In the study, we also

confirmed a positive correlation between OPG and BMI, BMI-SDS,

and waist circumference in non-diabetic obese patients. The

discrepancy in results may be a consequence of the study

population; patients with T1DM and obesity had statistically

lower BMI. Moreover, obesity is associated with elevated

triglycerides and LDL and low HDL. However, in the present

study, OPG levels did not correlate with TG, HDL, or LDL in both

groups. Gannage-Yared et al. have detected a positive correlation

between OPG and the HOMA index (48). Kim et al. have also

determined an association between serum OPG levels and HOMA-

IR in both normal and diabetic patients (49). In our study, we could

not establish such a correlation between OPG levels and indexes of

insulin sensitivity and insulin resistance. The role of OPG in the

pathogenesis of atherosclerosis is still unclear. There is a discussion

whether OPG synthesis is a compensatory mechanism to

counteract the atherosclerotic process or whether OPG is an

active compound in the atherosclerotic process (50, 51). Our

results suggest that OPG might be involved in metabolic

processes associated with atherosclerosis development. Further

prospective studies are required to establish whether increased

OPG levels in diabetic children in general as well as among those

with obesity can predict later development of endothelial

dysfunction and vascular complications.

In the study, we also reported that both of our obese groups

—the non-diabetic group and the group with T1DM—had

significantly higher cIMT compared to the control group. Even

though there was no statistical difference between them,

differences in cardiovascular risk factors were noticed.

In our non-diabetic obese patients, cIMT was positively

correlated with BMI, BMI-SDS, and waist circumference-SDS.
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These findings are consistent with the data presented by the

International Childhood Vascular Structure Evaluation

Consortium. Abnormal cIMT was described in patients with

cardiovascular complications including hypertension. Even

though none of the study subjects was diagnosed with

hypertension, there was a strong positive correlation between

SBP, DBP, and cIMT among the non-diabetic group (23, 52).

Moreover, obesity-related insulin resistance can induce

atherothrombotic mechanisms, reduce fibrinolytic balance, and

impair endothelial function. The possible relationship between

cIMT and insulin resistance/hyperinsulinemia in children and

adolescents remains inconsistent, with some studies reporting an

adverse relation between insulin resistance and vascular

measures while others observed no significant relation at all

(53, 54). Our findings are in agreement with results of recent

investigations where insulin resistance was associated with

carotid wall thickness among non-diabetic children and

adolescents with obesity.

Some publications report that T1DM patients have

significantly increased cIMT levels compared to control

subjects (55, 56). The SEARCH CVD Study clearly stated that

increased BMI was a CV risk factor in young people with T1D

and influenced cIMT (38).

Data obtained from our study were inconsistent. Similar to

other studies, cIMT values were higher among diabetic patients,

regardless of BMI, but strongly correlated with visceral adipose

tissue, whose activity was expressed by VAI and triglyceride

levels. Morisawa et al. indicate that OPG is also significantly

associated with endothelial function and its concentration can be

a useful predictor of early carotid atherosclerosis and higher

cIMT (57). A similar correlation was noted in the group of obese

non-diabetic patients.
FIGURE 2

Comparison of the cIMT in the study groups.
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Limitations of the study

We realize that our study has some limitations. First of all,

the sample size was small, and the small number of patients were

included. The age range included children and adults; however,

only 10 subjects were older than 18 years (6 in the group with

T1DM and normal weight and 4 in the group with T1DM and

excessive body weight).

There were differences between the degree of obesity among

diabetic and non-diabetic patients, and the stage of puberty was

not considered. Further studies are necessary to report the

degree of obesity among T1DM children and young adults

and its influence on the levels of novel markers as well as

cardiovascular complications.
Conclusion

Obesity in children and young adults with T1DM results in

worse metabolic control, insulin resistance, and increased risk

for vascular complications. However, novel markers of

metabolic complications of obesity are similar between obese

diabetic and non-diabetic patients.
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Evaluation of common carotid artery in type 1 diabetes mellitus patients through
speckle tracking carotid strain ultrasonography. Diagn Interv Radiol (2021) 27
(2):195–205. doi: 10.5152/dir.2021.20025
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