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Abstract: The occurrence of metabolic syndrome (MetS) significantly affects the course of diabetes 
mellitus (DM), resulting in deterioration of insulin sensitivity and metabolic control, as well as 
many cardiometabolic complications. The aim of the study was to investigate the relationships be-
tween cardiovascular biomarkers, nutritional status, dietary factors and the occurrence of MetS 
among 120 participants from northeast Poland (adolescents with type 1 DM and healthy peers). 
MetS was assessed using several criteria: nutritional status by anthropometric measurements, body 
composition analysis by bioelectrical impedance, and diet using a food diary and questionnaire. 
MetS was diagnosed in every third diabetic. Compared to healthy peers, MetS patients had higher 
total body fat (26% vs. 14%, p < 0.001) and visceral fat (77 cm2 vs. 35 cm2, p < 0.001), and lower total 
antioxidant status (1.249 mmol/L vs. 1.579 mmol/L, p < 0.001). Additionally, their diet was rich in 
saturated fatty acids, but low in dietary fiber as well as mono- and polyunsaturated fatty acids. The 
group of diabetics reported many inappropriate eating behaviors. The combination of those with 
the presence of an excessive content of visceral fat tissue and abnormal values of MetS components 
may negatively affect metabolic control, thus accelerating the development of cardiometabolic com-
plications. 

Keywords: diabetes type 1; adolescents; metabolic syndrome; obesity; insulin therapy; nutritional 
status; nutrients intake; antioxidant status; body composition; continuous glucose monitoring 
 

1. Introduction 
Diabetes mellitus (DM) has become one of the most common chronic diseases of the 

21st century [1]. Type 1 diabetes mellitus (T1DM) is an autoimmune disease in which the 
body attacks the beta cells of the pancreas, which produce insulin. As a result, insufficient 
amounts of insulin are secreted. The disease is most common in children and adolescents 
[2]. In 2021, the worldwide incidence of DM reached the level of 1.2 million children and 
adolescents up to the age of 19, exceeding 180,000 new diagnoses annually [1]. Patients 
need daily insulin injections to keep their blood glucose levels within the proper range. 
Intensive insulin therapy can be performed by means of continuous subcutaneous insulin 
infusion (CSII) with an insulin pump or multiple daily insulin-pen injections (MDI) [2]. 
Flash (FGM) or continuous (CGM) glucose-monitoring systems are becoming 
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increasingly popular methods of monitoring blood glucose levels. They are designed to 
facilitate everyday life and reduce the number of punctures of fingertips, as well as the 
number of hypo- and hyperglycaemic incidents [3]. 

Increasingly, overweight and obesity are being diagnosed as resulting from poor eat-
ing habits and low physical activity [4,5]. In combination, they can significantly worsen 
metabolic management, contributing to the development of metabolic syndrome (MetS) 
defined as a set of multiple biochemical, metabolic, and physiological factors that increase 
the risk of many cardiometabolic complications [6]. 

The most common diagnostic criteria used by researchers are created by the Interna-
tional Diabetes Federation (IDF) [7], the National Cholesterol Education Program Adult 
Treatment Panel III (ATP) [8], and the World Health Organization (WHO) [9]. Depending 
on the selection, estimates are quite divergent (between 3% and 30% of the pediatric pop-
ulation has T1DM). Although adult T1DM is widely covered by the literature, there is 
little research on this disease among children and adolescents, especially in conjunction 
with the analysis of their nutritional status and diet. Guidelines use different values of the 
criteria with different degrees of severity for the individual components of MetS. In addi-
tion, some of the criteria do not take age into account and, therefore, often differ from the 
national standards for the physical development of the pediatric population. Moreover, 
there is a dearth of studies that include comparative analyses of control groups [10]. 

The aim of the study was to investigate the relationships between the occurrence of 
MetS and cardiovascular biomarkers, nutritional status, and dietary factors among ado-
lescents with T1DM, in comparison to healthy peers. 

2. Materials and Methods 
2.1. Study Group 

The case-control study was conducted among 120 Polish patients with T1DM and 
healthy adolescents aged 10–17 years between March 2020 and July 2021. The T1DM 
group (n = 60) contained adolescents with T1DM from the Clinic of Pediatrics, Endocri-
nology, Diabetology with Subdivision of Cardiology, in the Children’s University Clinical 
Hospital in Białystok, while the group without T1DM (n = 60) consisted of adolescents 
who reported directly to the Department of Bromatology, in the Medical University of 
Białystok. The recruitment process for the control group involved an interview to verify 
that they had no symptoms indicating the possibility of diabetes or other chronic diseases. 
In addition, the questionnaire included a screening question about the presence of various 
chronic diseases. The inclusion process is illustrated in Figure 1. The main study-inclusion 
criteria were: age between 10 and 17 years as well as T1DM and diabetes lasting for more 
than two years, without remission. The diagnosis of T1DM was confirmed according to 
the guidelines of the American Diabetes Association, with consideration of the frequent 
presence of autoantibodies (glutamic acid decarboxylase, islet cell antibodies, and insulin 
autoantibodies) in blood samples [11]. Written consent of the participants’ parents and the 
bioethics committee (No. R-I-002/587/2019) were obtained to perform the study. 
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Figure 1. Flowchart of the inclusion process in the study. 

2.2. Blood Samples Analysis of Cardiovascular Biomarkers 
Blood samples were drawn from participants using vacutainer-system tubes contain-

ing clot activator + gel or anticoagulant K2EDTA (Becton Dickinson, France). The material 
was appropriately prepared and tested shortly after collection (total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-ch), high-density lipoprotein cholesterol (HDL-ch), 
triglycerides (TG), fasting glucose level (FGL), and glycated hemoglobin (HbA1c)). The 
remainder of the serum material, after it had been centrifuged (10 min and approximately 
2000 rpm), and the supernatant was removed, was transferred to the tubes and stored at 
−80 °C. TC, LDL-ch, HDL-ch, TG, and FGL were assayed using an enzymatic colorimetric 
method on an Alinity c analyzer (Abbott Laboratories, Lake Bluff, Illinois, USA). Glycated 
hemoglobin (HbA1c) was measured by the ion-exchange high-performance liquid-chro-
matography method using a D-10TM Dual Program Reorder Pack (Bio-Rad, Hercules, Cal-
ifornia, USA). Total Antioxidant Status (TAS) was determined using a reagent kit for the 
spectrophotometric method (Randox Laboratories, Crumlin, County Antrim, UK). This 
parameter informs about the amount of antioxidants in a sample and is related to the fact 
that ABTS (2,2’-Azino-di-[3-ethylbenzothiazoline sulfonate]), incubated with peroxidase 
(metmyoglobin) and H2O2, results in the formation of the radical cation ABTS+, which has 
a relatively stable blue-green coloration that can be measured at 600 nm. The presence of 
antioxidants in a sample causes suppression of dye production, which is proportional to 
their concentration. Units are expressed in an mmol Trolox equivalent/L, used as a stand-
ard to calculate antioxidant levels in the samples [12]. Control of the accuracy of the ap-
plied methods of determination was verified on the certified reference materials dedicated 
to each set. In both groups, all determinations were made, except for: FGL (T1DM group) 
and HbA1c (control group). The eGDR (estimated glucose-disposal rate) index takes into 
account waist circumference (WC), HbA1c, and the presence of hypertension (HT). Its 
formula is as follows: 21.158 − (0.090 × WC) − (3.407 × HT) − (0.551 × HbA1c). The value of 
WC is expressed in cm, HT as a dichotomous value (1 if present), and HbA1c in %. As 
eGDR decreases, insulin resistance (IR) increases [13]. It shows a strong correlation with 
IR based on euglycemic-hyperinsulinemic clamp and is associated with the occurrence of 
diabetic complications [13,14]. Our cut-off point was 8 mg/kg/min, selected on the basis 
of validation in adolescents with T1DM (76% sensitivity and 92% specificity) [15]. 

2.3. Nutritional Status and Nutrients Intake 
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Our assessment of the subjects’ nutritional status was based on anthropometric meas-
urements (height, body weight, and circumference of the waist and hips). An analysis of 
the body composition was carried out by means of the bioelectric impedance method, us-
ing the professional medical analyzer Inbody 720 (Inbody, Cerritos, CA, USA). A detailed 
description of the measurement procedure and the devices used was extensively de-
scribed in the previous study [4]. Blood pressure (BP) was measured at the beginning of 
the visit with a validated arm-pressure device, based on the oscillometric technique. Each 
participant was individually interviewed and asked to respond to a detailed 24 h nutri-
tional intake survey about the day before their arrival at the clinic (T1DM group) or the 
Department of Bromatology (control group). The subjects were then given a food diary to 
record the food they ate for the next two days after the test (control group) or after leaving 
the hospital (T1DM group). Additionally, they were asked to complete a dietary question-
naire that included questions about the frequency of consumption of selected food groups 
[16]. The children and parents had been instructed on how to complete the document. In 
order to avoid discrepancies in the conducted interviews as well as in the anthropometric 
measurements, the examination was performed by the same dietitian. The “Dieta 6” pro-
gram, which uses Polish databases of nutritional values of food products, was used to 
assess the consumption of nutrients from the diet. The obtained values were compared to 
the Polish nutritional standards for healthy children and adolescents [17], and in the case 
of the diabetics, according to Diabetes Poland guidelines [18] and the guidelines of the 
International Society for Pediatric and Adolescent Diabetes (ISPAD) [19]. The nutritional 
standards used in the publication are presented in Table 1. 

Table 1. Nutritional standards for children and adolescents. 

Nutrients Polish Standards for Healthy 

Children [17] 

Diabetes Poland Standards [18] ISPAD Standards [19] 

Protein 10%–20% 15%–20% 15%–20% 

Carbohydrates 45%–65% 45% (up to 60% 

if low-GI, high-fiber food) 

45%–50% 

Fat 20%–35% 25%–40% up to 30%–35% 

SFA as low as possible <10% <10% 

MUFA - <20% - 

PUFA - 6%–10% - 

EPA + DHA 250 mg - - 

ALA 0.5% - - 

LA 4% - - 

Dietary fiber 19 g (10–15 y), 

21 g (16–18 y) 

>25 g or 15 g/1000 kcal Age (y) + 5 g 

Percentage values are expressed as total daily energy intake. Abbreviations: alpha-linolenic acid 
(ALA), docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), glycemic index (GI), Interna-
tional Society for Pediatric and Adolescent Diabetes (ISPAD), linoleic acid (LA), monounsaturated 
fatty acids (MUFA), polyunsaturated fatty acids (PUFA), saturated fatty acids (SFA), years (y). 

2.4. Metabolic Syndrome Diagnosis 
Each person was diagnosed for MetS using the four main criteria (Figure 2) proposed 

by the IDF, ATP, WHO, and Weiss et al. (modified) [7–9,20]. The MetS+ group included 
respondents who met at least one of the above-mentioned criteria. The rest of the diabetics 
were classified as the MetS- group. Standards for the pediatric population were used. 
Polish percentile grids were employed to evaluate the parameters expressed in percentiles 
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[21,22]. For the purposes of this research, we modified the guidelines of Weiss et al., due 
to the lack of percentile grids for HDL-ch and TG [23]. 

 

Figure 2. Criteria of metabolic syndrome (MetS) diagnosis in children and adolescents [7–9,14]. 

2.5. Statistical Analysis 
Statistical analysis of the results was performed with Statistica software (version 13 

PL; TIBCO Software Inc., Palo Alto, CA, USA). Normal distribution of the variables was 
tested using the Shapiro–Wilk, Kolmogorov–Smirnov, and Lilliefors tests. Due to abnor-
mal distribution, the data were presented in the form of medians and quartile ranges. In 
the case of quantitative variables, the Mann–Whitney U and Kruskal–Wallis ANOVA tests 
with post-hoc analysis were conducted. To assess the significance of the relationships be-
tween the qualitative variables, the chi-squared test of independence was used. If neces-
sary, an additional V-square test and Yates correction were applied. Multiple correspond-
ence analysis (MCA) is one of the exploratory statistical techniques that was used to detect 
all the common characteristics among individuals with T1DM who had MetS. The ana-
lyzed data were presented in a Burt’s matrix. Then, to determine the number of dimen-
sions that the search space should have, a scree plot was used. p values < 0.05 were con-
sidered statistically significant. The study meets the assumptions of the minimum re-
quired sample size, assuming the maximum error value (10%) with a set confidence level 
(95%), which was calculated during study design, where we were guided by data on the 
estimated number of children and adolescents with T1DM in Poland [24]. 

3. Results 
3.1. Study Characteristic 

The characteristics of the population studied, along with information on the disease, 
type of insulin therapy, and the use of modern techniques of glycemic monitoring (GM) 
are presented in Table 2. 
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Table 2. Characteristics of the study cohort. 

Parameter Participants 

with T1DM (n = 60) without T1DM (n = 60) 

 Me ± IQR 

Age (years) 14 (12–16) 15 (13–16) 

Body height (cm) 166 (156–173) 168 (162–176) 

Body weight (kg) 54 (45–66) 58 (47–69) 

   

Age of diagnosis (years) 9 (7–11)  

Diabetes duration (years) 5 (2–7)  

HbA1c (%) 7.6 (6.6–10.2)  

 n (%) 

Gender (girls/boys) 27 (45%)/33 (55%) 16 (27%)/44 (73%) 

Type of insulin therapy (MDI/CSII) 23 (38%)/37 (52%)  

Type of glucose-monitoring system (FGM/CGM) 18 (70%)/8 (30%)   
Values are expressed as median and interquartile range (Me (Q1–Q3) or number and percentage of 
respondents (n (%)). Abbreviations: continuous glucose monitoring (CGM), continuous subcutane-
ous insulin infusion (CSII), flash glucose monitoring (FGM), multiple daily injections (MDI), type 1 
diabetes mellitus (T1DM). 

3.2. Prevalence of Metabolic Syndrome 
Table 3 shows the percentage of respondents who met the individual criteria for the 

diagnosis of MetS. The syndrome was found in 33% of the diabetics—21% of the boys and 
48% of the girls (some patients met more than one criterion), including 65%—CSII, 35%—
MDI, and 30%—FGM or CGM; the remaining individuals (70%) did not use any modern 
GM support. In the healthy group, only 8% (n = 5) of adolescents had MetS. They were 
excluded from further comparative analysis. 

Table 3. Prevalence of metabolic syndrome, based on various criteria. 

Criteria T1DM group (n = 60) Patients without T1DM (n = 60) 

Total Girls/Boys Total Girls/Boys 

ATP 15 (25%) 11 (41%)/4 (12%) 3 (5%) 1 (6%)/2 (5%) 

IDF 5 (8%) 3 (11%)/2 (6%) 3 (5%) 0/3 (7%) 

WHO 8 (13%) 4 (15%)/4 (12%) 1 (2%) 0/1 (2%) 

Grabia et al. 

(modified Weiss et al.) 

11 (18%) 9 (33%)/2 (6%) 1 (2%) 0/1 (2%) 

Values are expressed as a number and percentage of respondents (n (%)). Abbreviations: National 
Cholesterol Education Program Adult Treatment Panel III (ATP), International Diabetes Federation 
(IDF), type 1 diabetes mellitus (T1DM), World Health Organization (WHO). 

Table 4 shows the parameters that have an impact on increased cardiovascular risk 
and some that are taken into account in the diagnosis of MetS. These results were also 
compared to those of a control group of healthy peers. Statistically significant differences 
in the medians of WHtR, BMI, HbA1c, eGDR, LDL-ch, HDL-ch, TG, and DBP were 
demonstrated. 
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Table 4. Comparison of cardiovascular biomarkers. 

Parameter MetS+ (n = 20) MetS- (n = 40) Control Group (n = 

55) 

p-Value 

Me ± IQR MetS+ vs. MetS- MetS+ vs. Control 

WC (cm) 73 (69–78) 66 (62–70) 70 (67–74) <0.001 N/S 

WHR  0.87 (0.84–0.9) 0.87 (0.81–0.91) 0.88 (0.85–0.92) N/S N/S 

WHtR 0.40 (0.39–

0.42) 

0.40 (0.38–0.42) 0.44 (0.42–0.48) <0.001 <0.001 

BMI (kg/m2) 22.6 (19.9–

24.5) 

19.8 (17.9–21.2) 20.3 (18.6–22.0) <0.01 <0.5 

FGL (mg/dL) - - 98 (93–103) - - 

HbA1c (%) 8.9 (7.4–11.4) 6.9 (6.4–9.2) - <0.001 - 

eGDR (mg/kg/min) 8.0 (6.3–10.0) 10.8 (8.8–11.6) - <0.001 - 

TC (mg/dL) 157 (124–187) 148 (123–170) 143 (131–187) N/S N/S 

LDL-ch (mg/dL) 102 (74–111) 80 (66–101) 86 (76–110) <0.5 N/S 

HDL-ch (mg/dL) 44.5 (34.5–

57.5) 

59 (48–71) 57 (52–64) <0.001 <0.001 

TG (mg/dL) 101 (67–143) 60 (47–91) 59 (45–76) <0.001 <0.001 

SBP (mmHg) 120 (110–128) 114 (109–118) 118 (110–125) <0.5 N/S 

DBP (mmHg) 74 (70–80) 70 (66–73) 70 (65–74) <0.01 <0.5 
Values are expressed as median and interquartile range (Me (Q1–Q3). Statistically significant differ-
ences between the medians were detected by the Mann–Whitney U test. Abbreviations: National 
Cholesterol Education Program Adult Treatment Panel III (ATP), body mass index (BMI), diastolic 
blood pressure (DBP), estimated glucose disposal resistance (eGDR), fasting glucose level (FGL), 
high-density lipoprotein cholesterol (HDL-ch), glycated hemoglobin (HbA1c), International Diabe-
tes Federation (IDF), low-density lipoprotein cholesterol (LDL-ch), metabolic syndrome (MetS), sys-
tolic blood pressure (SBP), total cholesterol (TC), triglycerides (TG), waist circumference (WC), 
waist–hip ratio (WHR), waist-to-height ratio (WHtR), World Health Organization (WHO). 

The parameters that most frequently exceeded the norm were those related to 
dyslipidaemia (Figure 3). However, a noteworthy observation is the large disproportion 
between the percentages of persons above normal SBP or DBP by numerical values and 
in terms of percentiles, e.g., 5% of patients with elevated DBP (in mmHg), as well as 70% 
and 45% of patients with DBP, were above the 90th and 95th percentiles, respectively. 
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Figure 3. Percentage of participants meeting the metabolic syndrome components. Values are ex-
pressed as percentage of respondents (%). WHR (acc.BMI) includes the percentage of persons who 
are overweight or obese and, additionally, have a WHR above normal. BMI classifications for un-
derweight, overweight, and obesity in the pediatric population correspond to the 10th, 85th, and 
97th percentiles, respectively. Abbreviations: National Cholesterol Education Program Adult Treat-
ment Panel III (ATP), body mass index (BMI), diastolic blood pressure (DBP), high-density lipopro-
tein cholesterol (HDL-ch), International Diabetes Federation (IDF), metabolic syndrome (MetS), sys-
tolic blood pressure (SBP), type 1 diabetes mellitus (T1DM), triglycerides (TG), waist circumference 
(WC), World Health Organization (WHO), waist–hip ratio (WHR), waist-to-height ratio (WHtR). 

It was observed that MetS+ patients had statistically significantly higher HbA1c val-
ues than those without MetS (8.9% vs. 6.9%, p < 0.01) (Table 5). MetS was found in almost 
half of the respondents, with values above 7%. Additionally, the concentration of TAS was 
measured and was statistically significantly lower in patients with MetS than in healthy 
volunteers (1.249 mmol/L vs. 1.578 mmol/L, p < 0.001). 

Table 5. HbA1c and TAS values, depending on metabolic control. 

Study 

Group 

HbA1c 

(%) 

TAS 

(mmol/L) 

p-Value HbA1c 

Group 

HbA1c p-

Valu

e 

HbA1c (%) p-

Valu

e 

TAS (mmol/L) p-Value 

Me ± IQR n(%) Me ± IQR Me ± IQR 

MetS+ 

(n = 20) 

8.9 

(7.4–

11.4) 

1.249 

(1.054–

1.322) 

MetS+ vs. 

MetS- 

<0.01HbA1c,TAS 

(<7%) 3(12%) <0.01 6.7 

(6.2–7.0) 

<0.00

1 

1.230 

(1.212–1.382) 

MetS+HbA1c>7% 

vs. 

MetS-HbA1c>7% 

<0.01 

(>7%) 17(49%) 9.9 

(7.7–12.2) 

1.243 

(1.041–1.314) 

40
60

45

35
45

45
70

0
5

65
65

15
0

45
5

40
10

20
20

65
40

15
23

18

18
25

27
45

0
2

33
22

17
23

15
13

63
9

8
7

48
17

12
3

15

7
8

17
33

0
3

17
18

15
3

9
3

75
13

7
7

50
7

H D L - c h  ( I D F )

H D L - c h  ( W H O )

H D L - c h  ( I D F / A T P )

T G  ( > 1 5 0  m g / d L )

T G  ( > 1 3 0  m g / d L )

D B P ( > 9 5  p c )

D B P ( > 9 0  p c )

D B P ( > 9 0  m m H g )

D B P ( > 8 5   m m H g )

S B P  ( 9 5  p c )

S B P  ( 9 0  p c )

S B P  ( > 1 3 0  m m H g )

S B P ( > 1 4 0  m m H g )

B M I  ( o b e s i t y )

B M I  ( o v e r w e i g h t )

B M I ( n o r m a l )

B M I ( u n d e r w e i g h t )

W H t R

W H R  ( a c c . B M I )

W H R

W C

MetS+ T1DM Control
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MetS- 

(n = 40) 

6.9 

(6.4–

9.2) 

1.394 

(1.225–

1.595) 

MetS+ vs. 

Control 

MetS- vs. 

Control 

<0.001TAS 

(<7%) 22(88%) 6.4 

(6.0–6.7) 

<0.00

1 

1.403 

(1.206–1.533) 

(>7%) 18(51%) 9.7 

(7.8–12.1) 

1.370 

(1.256–1.655) 

Control 

group 

(n = 55) 

- 1.579 

(1.457–

1.799) 

 - 

Values are expressed as median and interquartile range (Me (Q1-Q3) or number and percentage of 
respondents (n (%)). Statistically significant differences between the medians or percentages were 
detected by the Mann–Whitney U or the chi-squared test, respectively. Abbreviations: glycated he-
moglobin (HbA1c), metabolic syndrome (MetS), total antioxidant status (TAS). 

3.3. Nutritional Status 
Comparative analysis of body composition parameters (Table 6) showed statistically 

significant (p < 0.001) differences in the medians of percent body fat (PBF) and visceral fat 
area (VFA) between both the control and the MetS- groupsand MetS+ group. 

Table 6. Comparison of body-composition analysis parameters. 

Parameter MetS+ (n = 20) MetS- (n = 40) Control group (n = 55) p-Value 

Me ± IQR MetS+ vs. MetS- MetS+ vs. Control 

Body weight (kg) 64 (52–73) 52 (43–59) 58 (48–68) <0.5 NS 

Body height (cm) 167 (156–173) 164 (155–173) 169 (163–176) NS NS 

TBW (L) 33 (28–38) 30 (26–38) 37 (31–41) NS NS 

SMM (kg) 24 (21–29) 22 (19–29) 24 (18–30) NS NS 

Protein (kg) 8.6 (7.6–10.2) 8.1 (6.9–10.2) 9.1 (7.9–10.5) NS NS 

Minerals (kg) 3.3 (2.7–3.6) 2.9 (2.5–3.5) 3.2 (2.8–3.9) NS NS 

PBF (%) 26 (21–33) 16 (12–23) 14 (12–16) <0.001 <0.001 

VFA (cm2) 77 (54–100) 42 (28–48) 35 (26–44) <0.001 <0.001 
Values are expressed as median and interquartile range (Me (Q1–Q3). Statistically significant differ-
ences between the medians were detected by the Mann–Whitney U test. Abbreviations: metabolic 
syndrome (MetS), percentage body fat (PBF), skeletal muscle mass (SMM), total body water (TBW), 
visceral fat area (VFA). 

3.4. Nutrients Intake 
In comparison with the diets of their healthy peers, the diets of persons with T1DM 

and MetS+ (Table 7) were higher in saturated fatty acids (SFA: 17.6 g vs. 16.0 g, p < 0.01) 
and lower in products rich in mono- and polyunsaturated fatty acids (MUFA, PUFA): 
oleic acid (12.3 g vs. 21.4 g, p < 0.001), ω-3 (0.831 g vs. 1.3 g, p < 0.001), and ω-6 (4.9 g vs. 
7.6 g, p < 0.001), as well as dietary fiber (18.1 g vs. 19.6 g). Although healthy volunteers 
declared high total fat intakes (28.1 g), the majority of the fats they consumed came from 
MUFA (24.6 g) and PUFA (9.8 g), not SFA (16.0 g). The MetS+ group also proved to have 
higher saccharose intakes than MetS- subjects (39.5 g vs. 33 g). 
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Table 7. Consumption of selected nutrients with the diet. 

Nutrient MetS+ (n = 20) MetS- (n = 40) Control Group (n = 

55) 

p-Value 

(MetS+ vs. 

Control) 

Me ± IQR 

Main nutrients 

Energy (kcal) 1760 (1697–1924) 1803 (1574–1916) 1859 (1735–1935) N/S 

Protein (%TDEE) 20.0 (16.4–20.8) 18.1 (15.8–20.6) 16.4 (13.1–18.6) <0.01 

Carbohydrate (%TDEE) 56.5 (50.8–59.9) 54.8 (50.6–59.5) 55.4 (51.5–61.1) N/S 

Fat (%TDEE) 22.8 (20.0–28.1) 24.3 (21.2–29.1) 28.1 (23.7–32.4) <0.01 

Fatty acids 

SFA (g) 17.6 (14.3–20.7) 16.4 (15.3–17.5) 16.0 (15.1–17.9) N/S 

Palmitic acid (g) 10.4 (9.4–11.4) 10.1 (8.9–11.6) 9.8(8.6–10.8) N/S 

MUFA (g) 14.2 (11.9–17.7) 14.2 (11.2–19.2) 24.6 (20.5–28.5) <0.001 

Oleic acid (g) 12.3 (10.6–14.8) 13.1 (10.8–16.3) 21.4 (16.6–25.4) <0.001 

PUFA (g) 5.8 (5.0–7.1) 6.2 (4.6–8.1) 9.8 (7.4–11.6) <0.001 

LC-PUFA (g) 0.069 (0.036–0.205) 0.069 (0.04–0.093) 0.093 (0.06–0.231) <0.05 

ω-3 (g) 0.831 (0.569–1.178) 0.688 (0.554–1.28) 1.3 (0.948–1.6) <0.001 

ALA (g) 0.688 (0.524–0.817) 0.554 (0.478–0.879) 1.2 (0.822–1.4) <0.001 

EPA (g) 0.014 (0.006–0.045) 0.012 (0.007–0.017) 0.024 (0.008–0.052) N/S 

DHA (g) 0.039 (0.024–0.148) 0.038 (0.022–0.066) 0.066 (0.038–0.137) <0.001 

ω-6 (g) 4.9 (4.2–5.9) 5.5 (3.9–6.5) 7.6 (6.1–9.6) <0.001 

LA (g) 4.8 (4.1–5.9) 5.5 (3.8–6.4) 7.3 (6.0–9.4) <0.001 

AA (g) 0.048 (0.032–0.151) 0.048 (0.031–0.096) 0.111 (0.073–0.181) <0.05 

Carbohydrates 

Glucose (g) 8.1 (4.0–9.6) 4.8 (2.6–6.5) 6.8 (5.1–8.1) N/S 

Fructose (g) 10.1 (4.6–12.9) 7.3 (4.2–11.1) 8.3 (6.5–11.0) N/S 

Saccharose (g) 39.5 (30.2–54.8) 33.1 (13.7–45.0) 44.1 (35.1–51.6) N/S 

Dietary fiber (g) 18.1 (16.6–21.4) 18.0 (13.8–20.8) 19.6 (16.0–23.0) N/S 
Values are expressed as median and interquartile range (Me (Q1–Q3). Statistically significant differ-
ences between the medians were detected by the Mann–Whitney U test. Abbreviations: arachidonic 
acid (AA), alpha-linolenic acid (ALA), docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), 
fatty acids (FA), linoleic acid (LA), long-chain polyunsaturated fatty acids (LC-PUFA), metabolic 
syndrome (MetS), monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA), satu-
rated fatty acids (SFA), total daily energy expenditure (TDEE). 

It was shown that, compared to persons with normal values, volunteers who had 
lower HDL-ch levels not only consumed large amounts of SFA relative to total daily en-
ergy expenditure (TDEE) (8.4% vs. 8.2%TDEE) but also reported statistically significantly 
lower consumption of MUFA (7.6% vs. 10% TDEE, p < 0.05), oleic acid (13.1 g vs. 16.6 g, p 
< 0.05), LA (4.7 g vs. 6.2 g, p < 0.05), anddietary fiber (17.4 g vs. 18.7 g, p < 0.05). Addition-
ally, differences were observed in the intake of PUFA (6.2 g vs. 7.8 g) from the ω-3 family: 
ALA (626 mg vs. 824 mg), EPA + DHA (57 mg vs. 71 mg), and ω-6 (4.8 g vs. 6.2 g). Subjects 
with higher TG levels consumed statistically significantly more SFA (9.1% vs. 8.1% TDEE, 
p < 0.05) but less oleic acid (13.5 g vs. 16.6 g, p < 0.05). As well, differences were noted in 
the intake of PUFA (6.4 g vs. 7.7 g), EPA + DHA (60 mg vs. 71 mg), LA (5.6 g vs. 6.1 g), 
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and dietary fiber (16.9 g vs. 18.9 g). Participants with high BP consumed high amounts of 
salt (8.6 g vs. 9.64 g, p < 0.05) but lower quantities of oleic acid (15 g vs. 16.5 g) and EPA + 
DHA (57 mg vs. 71 mg). 

Table 8 shows the percentages of subjects who met the nutritional standards for se-
lected nutrients. The vast majority of participants met the standard for basic nutrients, 
such as protein, fat, or carbohydrates. A statistically significant relationship was observed 
between the control group and MetS+ in the distribution of the percentage of nutritional 
norms for MUFA and LA (p < 0.001) as well asALA (p < 0.01). It was found that every third 
diabetic with MetS consumed more than 10% TDEE of SFA, and more than 90% and 75% 
of the patients failed to meet PUFA and MUFA recommendations, respectively. 

Table 8. Implementation of nutritional standards for selected nutrients. 

Nutrient Recommendati

on 

MetS+ (n = 20) MetS- (n = 40) Control Group (n = 55) p-Value 

(MetS+ vs. Control) 

Main nutrients 

Protein <10% 0 (0%) 0 (0%) 3 (5%) <0.05 

10–20% 15 (75%) 33 (83%) 49 (90%) 

>20% 5 (25%) 7 (17%) 3 (5%) 

Protein PolDiab <15% 2 (10%) 6 (15%) 21 (38%) <0.01 

15–20% 13 (65%) 27 (68%) 31 (56%) 

>20% 5 (25%) 7 (17%) 3 (6%) 

Fat <20% 5 (25%) 6 (15%) 4 (7%) <0.05 

20–35% 15 (75%) 33 (83%) 47 (86%) 

>35% 0 (0%) 1 (2%) 4 (7%) 

Fat PolDiab <25% 14 (70%) 23 (58%) 20 (36%) <0.01 

25–40% 6 (30%) 17 (43%) 35 (64%) 

>40% 0 (0%) 0 (0%) 0 (0%) 

Carbohydrates <45% 0 (0%) 2 (5%) 2 (3%) N/S 

45–65% 18 (90%) 37 (93%) 52 (95%) 

>65% 2 (10%) 1 (2%) 1 (2%) 

Carbohydrates 
PolDiab 

<45% 0 (0%) 2 (5%) 2 (4%) N/S 

45–60% 16 (80%) 31 (78%) 39 (71%) 

>60% 4 (20%) 7 (17%) 14 (25%) 

Carbohydrates 
ISPAD 

<45% 0 (0%) 2 (5%) 2 (4%) N/S 

45–50% 5 (25%) 9 (22%) 9 (16%) 

>50% 15 (75%) 29 (73%) 44 (80%) 

Fatty acids 

SFA <10% 13 (65%) 29 (73%) 49 (89%) <0.05 

≥10% 7 (35%) 11 (27%) 6 (11%) 

MUFA <10% 15 (75%) 29 (73%) 15 (27%) <0.001 

10–20% 5 (25%) 11 (27%) 38 (69%) 

>20% 0 (0%) 0 (0%) 2 (4%) 

LA <3.5% 19 (95%) 31 (78%) 26 (47%) <0.001 
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3.5–4.5% 1 (5%) 7 (18%) 16 (29%) 

>4.5% 0 (0%) 2 (4%) 13 (24%) 

ALA ≤0.5% 17 (85%) 33 (83%) 23 (42%) <0.01 

>0.5% 3 (15%) 7 (17%) 32 (58%) 

EPA+DHA ≤250 mg 17 (85%) 37 (93%) 44 (80%) N/S 

>250 mg 3 (15%) 7 (3%) 11 (20%) 

PUFA <6% 18 (90%) 39 (97%) 45 (82%) N/S 

6–10% 2 (10%) 1 (2%) 9 (16%) 

>10% 0 (0%) 0 (0%) 1 (2%) 

Carbohydrates 

Saccharose ≤10% 12 (60%) 30 (75%) 30 (55%) N/S 

>10% 8 (40%) 10 (25%) 25 (45%) 

Dietary fiber >19 g 13 (65%) 27 (68%) 26 (47%) N/S 

≥19 g 7 (35%) 13 (32%) 29 (53%) 

Dietary fiber PolDiab <25 g 18 (90%) 39 (98%) 46 (83%) N/S 

≥25 g 2 (10%) 1 (2%) 9 (17%) 
The standards used refer to the Polish guidelines for the general population [17], unless there are 
separate recommendations for patients with diabetes mellitus (PolDiab—Polish guidelines for dia-
betics [18], ISPAD—international guidelines for young diabetics [19]). Values are expressed as num-
ber and percentage of respondents (n (%)). Statistically significant relationships between the num-
bers were detected by the chi-squared test. The data in the “Recommendation” column refer to the 
percentage of total daily energy expenditure. Abbreviations: alpha-linolenic acid (ALA), docosahex-
aenoic acid (DHA), eicosapentaenoic acid (EPA), linoleic acid (LA), metabolic syndrome (MetS), 
monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA), saturated fatty acids 
(SFA). 

3.5. Nutritional Habits 
Compared to their healthy peers (Table 9), members of the MetS+ group chose wheat 

bread (90% vs. 78%) more frequently (from several times a week to several times a day) 
than wholemeal bread (45% vs. 73%). They were also more likely to eat potatoes (100% vs. 
56%) than groats and pastas (40% vs. 53%). Over 35% consumed fast-food products at 
least once to several times a week, and 80% ate fried foods. It has been observed that only 
60% chose white meat and more than 90% ate red meat at least once or several times a 
week. Only 50% ate vegetables at least once a day, while 65% ate fruit. As many as 60% 
drank products containing sweeteners once or several times a week. 

Table 9. Frequency of consumption of selected groups of food products. 

Food Products  Never 1–3 Times a 

Month 

Once a 

Week 

Several Times 

a Week 

Once a 

Day 

Several 

Times a 

Day 

Wheat bread MetS+ 0 (0%) 1 (5%) 1 (5%) 5 (25%) 5 (25%) 8 (40%) 

MetS- 2 (5%) 2 (5%) 3 (8%) 8 (20%) 6 (15%) 19 (47%) 

Control 6 (11%) 2 (4%) 4 (7%) 21 (38%) 15 (27%) 7 (13%) 

Wholemeal bread MetS+ 2 (10%) 3 (15%) 6 (30%) 5 (25%) 1 (5%) 3 (15%) 

MetS- 3 (8%) 2 (5%) 8 (20%) 11 (27%) 10 (25%) 6 (15%) 

Control 6 (11%) 3 (5%) 6 (11%) 25 (45%) 12 (22%) 3 (6%) 
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Groats, pasta, rice MetS+ 0 (0%) 2 (10%) 10 (50%) 7 (35%) 1 (5%) 0 (0%) 

MetS- 0 (0%) 7 (17%) 12 (30%) 20 (50%) 1 (3%) 0 (0%) 

Control 0 (0%) 8 (15%) 9 (16%) 35 (63%) 2 (4%) 1 (2%) 

Potatoes MetS+ 0 (0%) 0 (0%) 0 (0%) 9 (45%) 11 (55%) 0 (0%) 

MetS- 0 (0%) 2 (5%) 2 (5%) 21 (52%) 15 (38%) 0 (0%) 

Control 0 (0%) 11 (20%) 13 (23%) 25 (46%) 4 (7%) 2 (4%) 

Red meat MetS+ 1 (5%) 7 (35%) 6 (30%) 6 (30%) 0 (0%) 0 (0%) 

MetS- 6 (15%) 6 (15%) 5 (12%) 19 (48%) 2 (5%) 2 (5%) 

Control 3 (5%) 5 (9%) 15 (27%) 30 (55%) 2 (4%) 0 (0%) 

White meat MetS+ 0 (0%) 2 (10%) 6 (30%) 11 (55%) 1 (5%) 0 (0%) 

MetS- 1 (2%) 3 (7%) 5 (13%) 27 (68%) 2 (5%) 2 (5%) 

Control 0 (0%) 2 (4%) 7 (13%) 43 (78%) 3 (5%) 0 (0%) 

Fried products MetS+ 1 (5%) 3 (15%) 6 (30%) 5 (25%) 5 (25%) 0 (0%) 

MetS- 1 (3%) 4 (10%) 16 (40%) 18 (44%) 0 (0%) 1 (3%) 

Control 1 (2%) 6 (11%) 14 (25%) 30 (55%) 4 (7%) 0 (0%) 

Fast-food MetS+ 2 (10%) 11 (55%) 5 (25%) 2 (10%) 0 (0%) 0 (0%) 

MetS- 4 (10%) 25 (63%) 10 (25%) 1 (2%) 0 (0%) 0 (0%) 

Control 9 (16%) 37 (67%) 8 (15%) 1 (2%) 0 (0%) 0 (0%) 

Fruit MetS+ 0 (0%) 0 (0%) 1 (5%) 6 (30%) 9 (45%) 4 (20%) 

MetS- 0 (0%) 3 (8%) 0 (0%) 13 (32%) 11 (28%) 13 (32%) 

Control 0 (0%) 0 (0%) 2 (3%) 18 (33%) 17 (31%) 18 (33%) 

Vegetables MetS+ 0 (0%) 0 (0%) 2 (10%) 8 (40%) 5 (25%) 5 (25%) 

MetS- 0 (0%) 0 (0%) 2 (5%) 13 (33%) 8 (20%) 17 (42%) 

Control 0 (0%) 0 (0%) 3 (6%) 17 (31%) 19 (35%) 16 (28%) 

Beverages with 

sweeteners 

MetS+ 2 (10%) 3 (15%) 3 (15%) 10 (50%) 2 (10%) 0 (0%) 

MetS- 9 (22%) 4 (10%) 12 (30%) 9 (22%) 5 (13%) 1 (3%) 

Control 13 (24%) 8 (14%) 11 (20%) 12 (22%) 10 (18%) 1 (2%) 

Energy drink MetS+ 13 (65%) 2 (10%) 4 (20%) 1 (5%) 0 (0%) 0 (0%) 

MetS- 30 (75%) 3 (7%) 6 (15%) 1 (3%) 0 (0%) 0 (0%) 

Control 47 (85%) 5 (9%) 3 (6%) 0 (0%) 0 (0%) 0 (0%) 
Abbreviation: metabolic syndrome (MetS). 

3.6. Insulin Therapy and Modern Glucose-Monitoring Systems 
Comparative analyses of obtained results of cardiovascular biomarkers, body com-

position analysis, antioxidant status, metabolic management, and dietary nutrient intake 
in relation to insulin therapy and modern glycemic-monitoring systems are included in 
the supplementary materials (Supplementary Tables S1–S5). It was shown that the largest 
subgroup of patients with MetS were participants who used CSII without the support of 
modern GM. Their HbA1c (8.3%), eGDR (8.7 mg/kg/min), and TAS (1.099 mmol/L) were 
worse than the levels of these indicators in those MetS patients who used CSII and CGM 
(7.9%, 6.5 mg/kg/min, 1.259 mmol/L). Similar observations were noted in the MDI group 
(Tables S1 and S2). Based on Table S3, it was found that there were statistically significant 
differences in median TG levels between insulin therapies (CSII vs. MDI: 60 mg/dL vs. 99 
mg/dL, p < 0.02) and between groups using FGM or CGM and those not using either sys-
tem (FGM/CGM vs. no GM: 63/54 mg/dL vs. 80 mg/dL, p < 0.05). It was also noted that 
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participants supported with any of the systems had a statistically significantly lower 
HbA1c than those who did not use any modern support (6.8%/6.7% vs. 8.1%, p < 0.001). 
Table S4 contains the results of the body-composition analysis, which showed that the 
CSII group had a lower VFA than MDI (46 cm2 vs. 52 cm2), which was also observed in 
the modern GM participants (FGM/CGM vs. no GM: 46 cm2/44 cm2 vs. 49 cm2). 

3.7. Multiple Correspondence Analysis 
MCA was used to identify the structure of associations between metabolic control, 

antioxidant status, visceral fat and the occurrence of MetS, taking into account insulin 
therapy and the usage of modern glycemic monitoring. A prepared scree plot suggested 
adoption of two-dimensional space for analysis. After determining the number of dimen-
sions in the next step, the coordinates of the column profiles were calculated in the new 
orthonormal framework. Figure 4 shows the results of the MCA. The two-dimensional 
plot explains 51% of the total variability, which allows us to distinguish the following 
three groups: 

(1) The first quadrant contained participants with MetS, characterized by poor metabolic 
management (HbA1c > 7%), low eGDR (<8 mg/kg/min), low TAS (<1.3 mmol/L), and 
medium (>50 cm2) to high (>100 cm2) VFA, was not supported by FGM or CGM. 

(2) The opposite (III) and side quadrant (II) included healthy peers with moderate (1.3–
1.8 mmol/L) to high (>1.8 mmol/L) TAS and normal VFA (<50 cm2). 

(3) The last quadrant (IV) included individuals without MetS with optimal metabolic 
control (HbA1c < 7%) and high eGDR (>8 mg/kg/min), who were using CSII or MDI 
and FGM or CGM. 

 

Figure 4. Multivariate correspondence analysis coordinate plot. Abbreviations: continuous glucose 
monitoring (CGM), continuous subcutaneous insulin infusion (CSII), dimension (dim), estimated 
glucose-disposal resistance (eGDR), flash glucose monitoring (FGM), glucose monitoring (GM), 
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glycated hemoglobin (HbA1c), multiple daily injections (MDI), metabolic syndrome (MetS), total 
antioxidant status (TAS), visceral fat area (VFA). 

4. Discussion 
A previously published systematic review [10] showed that nearly 30% of diabetics 

were diagnosed with metabolic syndrome. Our study confirmed this: 33% of the diabetics 
had MetS. However, this was the case among girls (48%) more often than boys (21%), 
which has also been noted by other authors, e.g., Köken et al. (12% vs. 10%), Soliman et 
al. (18% vs. 8%), Szadkowska et al. (11% vs. 7%), and Valerio et al. (16% vs. 4%). In our 
study, most diagnoses of MetS were found based on the ATP criteria (25%), which is con-
sistent with the literature data: 14% [25], 30% [26], and the lowest according to the IDF 
(8%), as well as in other authors from 3% [27] up to 13% [28], with the exception of the 
furthest outlier, 24% [29]. This is due to the different intensity of the components included 
in the criteria—the ATP allows for selecting three components out of five, while the IDF 
places diagnosed abdominal obesity as the first one, ahead of the other components. The 
second fundamental difference regards the values of the cut-off points used—mainly nu-
merical values, rarely percentiles. When national percentile grids were used (according to 
the modified criteria of Weiss et al.), the percentage of MetS diagnoses fell to 13%. Another 
interesting thing is that when we used cut-off points from the percentile grids for SBP and 
DBP from the rarely recognized elevated BP (above 130/85 mmHg) and almost-never rec-
ognized high BP (above 140/90 mmHg), these percentages as much as doubled. In the case 
of the HDL-ch parameter, the percentage of non-compliant persons had a considerable 
discrepancy: 40%, 45%, and 60% according to the criteria of the IDF, ATP, and WHO, re-
spectively. Therefore, it would be worthwhile to consider modifying the numerical values 
of some MetS components to those related to national percentile grids. 

Due to the production of large amounts of oxygen free radicals and/or reduced anti-
oxidant defense, oxidative stress has a significant impact on the development of insulin 
resistance and most diabetic complications [30]. Long-term high glycemia promotes over-
production of oxygen free radicals. In the presence of low antioxidant activity, beta cells 
are more susceptible to the adverse effects of oxidative stress and their destruction is ex-
acerbated [31]. In our study, subjects with T1DM as well as with MetS had statistically 
significantly lower TAS values than the control group. Similar results were obtained by 
other authors [32,33]. 

Our investigation showed that MetS subjects had a statistically significantly higher 
VFA compared to the MetS- group. The same was seen in patients with MDI and CSII, as 
well as non-users of modern GM systems and those supporting themselves with FGM or 
CGM. Many studies confirmed that individuals with high VFA considerable risk of de-
veloping cardiometabolic complications and a number of related diseases [34]. Therefore, 
it is particularly threatening for individuals with T1DM. 

Our study proved that MetS patients had much lower eGDR levels, which could be 
related to the occurrence of high IR. Similar results were observed by Köken et al. [15]. 
Moreover, during our analysis in different subgroups, the index increased depending on 
the insulin therapy and modern GM systems used. In combination with its high specificity 
and negative predictive value [15] for excluding the diagnosis of MetS, it should be con-
sidered as one of the components of MetS. An additional advantage is that it can be cal-
culated quickly using the results obtained during routine follow ups, and its numerous 
correlations make it easily applicable in clinical practice. 

It was shown that the average BMI value in young diabetics without MetS (19.8 
kg/m2) did not differ from the results reported by our previous study (19.2 kg/m2) [4] or 
other authors conducting research in similar age groups—19.5 kg/m2 [35], 21.3 kg/m2 [36] 
and 21.5 kg/m2 [37,38]. The percentage of fat mass in our study was 16%, while the other 
authors reported different outcomes—18.5% [35], 19.1% [4], 21.9% [38] and 22.4% [37]. 
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Lifestyle medicine is a key element in the prevention and treatment of metabolic dis-
orders. The most important role is played by modification of eating habits and physical 
activity [10,37,38]. 

Diabetics without MetS consumed protein at 18.1% TDEE. Similar results were ob-
tained by other authors: 16.9% TDEE [39] and 16% TDEE [40,41]. Regarding consumption 
of SFA (16.4 g, 8.8% TDEE), MUFA (14.2 g, 7.5% TDEE), and PUFA (6.2 g, 10.3% TDEE), 
our results differed from those reported by Katz et al. (SFA 12.4% TDEE) [41] and Thom-
son et al. (37.4 g, 33.2 g, and 11.2 g, respectively) [42]. 

Our study found disturbing results suggesting inadequate nutrient intakes in pa-
tients with abnormal HDL-ch, TG, and BP levels. Participants with low HDL-ch levels 
consumed high amounts of SFA (8.4% TDEE) but low quantities of MUFA (7.6% TDEE), 
EPA + DHA (57 mg), and LA (4.7 g), which had the strongest influence in this case. We 
observed similar results in patients with high TG levels, who had a lot of products rich in 
SFA (9.1% TDEE) in their diet, and too few foods that were high in EPA + DHA (60 mg) 
and LA (5.6 g). Patients with high BP consumed large amounts of salt (8.4 g) and low 
amounts of oleic acid (15 g) and EPA + DHA (57 mg). An adequate quantity of HDL-ch 
has a beneficial anti-atherosclerotic effect, which is related primarily to its participation in 
cholesterol re-transport. It has been shown that its concentration is increased by 0.4 mg/dL 
for each kilogram of body-weight loss and by 6 mg/dL as a consequence of moderate-
intensity physical activity (approx. 300 min a week) [43]. However, the best results can be 
achieved by reducing trans fats and carbohydrates in the diet in favor of unsaturated FA 
[44]. If a nutritional intervention is aimed at lowering TG, a significant role is played by 
the reduction in body weight and the consumption of simple carbohydrates as well as by 
replacing SFA with PUFA and introducing regular physical activity. This improves tissue 
insulin sensitivity, which influences the TG level [44–46]. The consumption of ω-3 FA (ap-
prox. 2–4 g/day) favors the reduction in TG by about 25%–30%, but also, importantly, has 
a beneficial effect on inflammatory markers [47]. The inclusion of products with a low 
glycemic index and load in the diet efficiently lowers the concentration of TG; then, such 
foods that have a low plasma glucose-absorption profile allow for its gradual release dur-
ing intestinal transit [48]. Non-pharmacological treatment of arterial hypertension should 
include: normalization of body weight, reduction in SFA and salt intake, increased con-
sumption of vegetables and fruit, and systematic physical activity [49]. A meta-analysis 
by Aburto et al. showed that reducing sodium intake causes a decrease of 3.4/1.5 mmHg 
in SBP/DBP [50]. By monitoring its consumption, it is also possible to reduce the number 
and doses of antihypertensive drugs as well as the risk of cardiovascular events [49]. 

Lifestyle changes should be promoted in all patient groups and must become an in-
tegral part of the treatment of metabolic disorders. 

Our study has several strengths and weaknesses. Firstly, some of the nutrient intake 
data were retrospectively collected, which could have influenced the results by underes-
timating or overestimating these parameters. Secondly, the size of the groups is not too 
large. However, compared to other studies, this group of patients maintained an appro-
priate test power, at about 90%. However, an extremely large advantage of the present 
study over others is the very extensive and comprehensive screening of participants in 
terms of the various criteria of MetS definition, cardiovascular biomarkers, nutrients in-
take, eating habits, and nutritional status, including a comparison of the type of insulin 
therapy and modern GM used. An additional advantage is the inclusion of a control group 
of healthy children, which enabled comparative analysis. 

5. Conclusions 
The study found that a high percentage of young diabetics had MetS. These partici-

pants displayed many inappropriate eating behaviors (meaning a diet low in mono- and 
polyunsaturated fatty acids and rich in saturated fatty acids). This long-term presence in 
combination with an excessive content of fat tissue, especially visceral, as well as incorrect 
results of laboratory tests (cardiovascular biomarkers) and confirmed low antioxidant 
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status, may result in difficulty in maintaining metabolic control, which, in turn, may lead 
to faster development of diabetic complications. 

Supplementary Materials: The following supporting information can be downloaded at: 
https://www.mdpi.com/article/10.3390/nu14122435/s1; Table S1: HbA1c, eGDR, and TAS values de-
pending on insulin therapy and modern GM systems used. Table S2: TAS, HbA1c, and eGDR values 
depending on insulin therapy and modern GM systems used. Table S3: Comparison of cardiovas-
cular biomarkers depending on insulin therapy and modern GM systems used. Table S4: Compari-
son of body-composition analysis parameters depending on insulin therapy and modern GM sys-
tems used. Table S5: Consumption of the selected nutrients with diet depending on insulin therapy 
and modern GM systems used. 

Author Contributions: Conceptualization, M.G. and R.M.-Ż.; data curation, M.G.; formal analysis, 
M.G.; funding acquisition, M.G.; investigation, M.G. and R.M.-Ż.; methodology, M.G., R.M.-Ż. and 
K.S.; resources, M.G. A.P., A.Z. and K.B.; supervision, K.S. and A.B.; validation, M.G.; visualization, 
M.G.; writing—original draft, M.G.; writing—review and editing, M.G. and R.M.-Ż. All authors 
have read and agreed to the published version of the manuscript. 

Funding: This research was funded by the Medical University of Białystok, grant numbers 
SUB/2/DN/20/002/2216 and SUB/2/DN/21/003/2216”. 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and was approved by the Ethics Committee of the Medical University of Białystok 
(No. R-I-002/587/2019). 

Informed Consent Statement: Written informed consent was obtained from all subjects involved in 
the study. 

Data Availability Statement: The data presented in this study are available on request from the 
corresponding author. 

Acknowledgments: Heartfelt thanks to the staff of the Department of Pediatrics, Endocrinology, 
Diabetology with Cardiology Subdivision, in the University Children’s Clinical Hospital in Bi-
alystok, who rendered a great help in conducting the study. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
1. Sun, H.; Saeedi, P.; Karuranga, S.; Pinkepank, M.; Ogurtsova, K.; Duncan, B.B.; Stein, C.; Basit, A.; Chan, J.C.N.; Mbanya, J.C.; 

et al. IDF Diabetes Atlas: Global, Regional and Country-Level Diabetes Prevalence Estimates for 2021 and Projections for 2045. 
Diabetes Res. Clin. Pract. 2022, 183, 109-119. https://doi.org/10.1016/J.Diabres.2021.109119. 

2. Yeh, H.-C.; Brown, T.T.; Maruthur, N.; Ranasinghe, P.; Berger, Z.; Suh, Y.D.; Wilson, L.M.; Haberl, E.B.; Brick, J.; Bass, E.B.; et 
al. Comparative Effectiveness and Safety of Methods of Insulin Delivery and Glucose Monitoring for Diabetes Mellitus. Ann. 
Intern. Med. 2012, 157, 336–347. https://doi.org/10.7326/0003-4819-157-5-201209040-00508. 

3. Freckmann, G.; Ulbrich, S. Continuous Glucose Monitoring (CGM) in Diabetes Therapy. Med. Monatsschr. Pharm. 2018, 41, 455–
460. https://doi.org/10.1515/Labmed-2019-0189. 

4. Grabia, M.; Markiewicz-Żukowska, R. Nutritional Status of Pediatric Patients with Type 1 Diabetes Mellitus from Northeast 
Poland: A Case-Control Study. Diabetes Ther. 2021, 12, 329–343. https://doi.org/10.1007/S13300-020-00972-1. 

5. Minges, K.E.; Whittemore, R.; Grey, M. Overweight and Obesity in Youth with Type 1 Diabetes. Annu. Rev. Nurs. Res. 2013, 31, 
47–69. https://doi.org/10.1891/0739-6686.31.47. 

6. Purnell, J.Q.; Zinman, B.; Brunzell, J.D. The Effect of Excess Weight Gain with Intensive Diabetes Mellitus Treatment on 
Cardiovascular 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. https://doi.org/10.1161/Circulationaha.111.077487. 

7. Zimmet, P.; Alberti, K.G.M.; Kaufman, F.; Tajima, N.; Silink, M.; Arslanian, S.; Wong, G.; Bennett, P.; Shaw, J.; Caprio, S.; et al. 
The Metabolic Syndrome in Children and Adolescents–An IDF Consensus Report. Pediatr. Diabetes 2007, 8, 299–306, 
https://doi.org/10.1111/j.1399-5448.2007.00271.x. 

8. Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults. Executive Summary of the Third 
Report of the National Cholesterol Education Program (NCEP). JAMA 2001, 285, 2486–2497. 
https://doi.org/10.1001/Jama.285.19.2486. 

9. World Health Organization. Definition, Diagnosis and Classification of Diabetes Mellitus and Its Complications: Report of a WHO 
Consultation. Part 1, Diagnosis and Classification of Diabetes Mellitus; World Health Organisation: Geneva, Switzerland, 1999. 

https://doi.org/10.1111/j.1399-5448.2007.00271.x


Nutrients 2022, 14, 2435 19 of 20 
 

 

10. Grabia, M.; Markiewicz-Żukowska, R.; Socha, K. Prevalence of Metabolic Syndrome in Children and Adolescents with Type 1 
Diabetes Mellitus and Possibilities of Prevention and Treatment: A Systematic Review. Nutrients 2021, 13, 1782. 
https://doi.org/10.3390/Nu13061782. 

11. Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes—2021. Diabetes Care 2021, 44, S15–S33. 
https://doi.org/10.2337/Dc21-S002. 

12. Miller, N.J.; Rice-Evans, C.; Davies, M.J.; Gopinathan, V.; Milner, A. A Novel Method for Measuring Antioxidant Capacity and 
Its Application to Monitoring the Antioxidant Status in Premature Neonates. Clin. Sci. 1993, 84, 407–412. 
https://doi.org/10.1042/Cs0840407. 

13. Williams, K.V.; Erbey, J.R.; Becker, D.; Arslanian, S.; Orchard, T.J. Can Clinical Factors Estimate Insulin Resistance in Type 1 
Diabetes? Diabetes 2000, 49, 626–632. https://doi.org/10.2337/Diabetes.49.4.626. 

14. Chillarón, J.J.; Goday, A.; Flores-Le-Roux, J.A.; Benaiges, D.; Carrera, M.J.; Puig, J.; Cano-Pérez, J.F.; Pedro-Botet, J. Estimated 
Glucose Disposal Rate in Assessment of the Metabolic Syndrome and Microvascular Complications in Patients with Type 1 
Diabetes. J. Clin. Endocrinol. Metab. 2009, 94, 3530–3534. https://doi.org/10.1210/Jc.2009-0960. 

15. Köken, Ö.Y.; Kara, C.; Yılmaz, G.C.; Aydın, H.M. Utility of Estimated Glucose Disposal Rate for Predicting Metabolic Syndrome 
in Children and Adolescents with Type-1 Diabetes. J. Clin. Endocrinol. Metab. 2020, 33, 859–864. https://doi.org/10.1515/Jpem-
2020-0012. 

16. Kowalkowska, J.; Wadolowska, L.; Czarnocinska, J.; Czlapka-Matyasik, M.; Galinski, G.; Jezewska-Zychowicz, M.; Bronkowska, 
M.; Dlugosz, A.; Loboda, D.; Wyka, J. Reproducibility of A Questionnaire for Dietary Habits, Lifestyle and Nutrition Knowledge 
Assessment (Kompan) in Polish Adolescents and Adults. Nutrients 2018, 10, 1845. https://doi.org/10.3390/Nu10121845. 

17. Jarosz, M.R.E.; Stoś, K.; Charzewska, J. Nutrition Standards for the Population of Poland and Their Application. Available 
online: https://www.pzh.gov.pl/normy-zywienia-2020/ (accessed on 20 March 2021). 

18. Araszkiewicz, A.; Bandurska-Stankiewicz, E.; Borys, S.; Budzyński, A.; Cyganek, K.; Cypryk, K.; Czech, A.; Czupryniak, L.; 
Drzewoski, J.; Dzida, G.; et al. 2021 Guidelines on the Management of Patients with Diabetes. A Position of Diabetes Poland. 
Clin. Diabetol. 2021, 10, 1–113. https://doi.org/10.5603/DK.2021.0001. 

19. Smart, C.E.; Annan, F.; Higgins, L.A.; Jelleryd, E.; Lopez, M.; Acerini, C.L. ISPAD Clinical Practice Consensus Guidelines 2018: 
Nutritional Management in Children and Adolescents with Diabetes. Pediatr. Diabetes 2018, 19 (Suppl. 27), 136–154. 
https://doi.org/10.1111/Pedi.12738. 

20. Weiss, R.; Dziura, J.; Burgert, T.S.; Tamborlane, W.V.; Taksali, S.E.; Yeckel, C.W.; Allen, K.; Lopes, M.; Savoye, M.; Morrison, J.; 
et al. Obesity and the Metabolic Syndrome in Children and Adolescents. N. Engl. J. Med. 2004, 350, 2362–2374. 
https://doi.org/10.1056/Nejmoa031049. 

21. Kułaga, Z.; Litwin, M.; Tkaczyk, M.; Palczewska, I.; Zajączkowska, M.; Zwolińska, D.; Krynicki, T.; Wasilewska, A.; Moczulska, 
A.; Morawiec-Knysak, A.; et al. Polish 2010 Growth References for School-Aged Children and Adolescents. Eur. J. Pediatr. 2011, 
170, 599–609. https://doi.org/10.1007/S00431-010-1329-X. 

22. Kułaga, Z.; Litwin, M.; Grajda, A.; Kułaga, K.; Gurzkowska, B.; Góźdź, M.; Pan, H. Oscillometric Blood Pressure Percentiles for 
Polish Normal-Weight School-Aged Children and Adolescents. J. Hypertens 2012, 30, 1942–1954. 
https://doi.org/10.1097/HJH.0b013e328356abad. 

23. Dembińska-Kieć, A.; Naskalski, J.W.; Solnica, B.; Diagnostyka Laboratoryjna Z Elementami Biochemii Klinicznej. Edra Urban 
& Partner: Wrocław, Poland, 2018. 

24. Narodowy Fundusz Zdrowia. NFZ O Zdrowiu: Cukrzyca. Centrala Narodowego Funduszu Zdrowia, A.N. Narodowy 
Fundusz Zdrowia. NFZ O Zdrowiu: Cukrzyca. Centrala Narodowego Funduszu Zdrowia. Available online: 
https://www.nfz.gov.pl (accessed on 15 November 2019). 

25. Köken, Ö.Y.; Kara, C.; Can Yılmaz, G.; Aydın, H.M. Prevalence of Obesity and Metabolic Syndrome in Children with Type 1 
Diabetes: A Comparative Assessment Based on Criteria Established by the International Diabetes Federation, World Health 
Organisation and National Cholesterol Education Program. J. Clin. Res. Pediatr. Endocrinol. 2020, 12, 55–62. 
https://doi.org/10.4274/Jcrpe.Galenos.2019.2019.0048. 

26. Saki, F.; Setoodehnia, Z.; Javanmardi, H.; Omrani, G. Association between Metabolic Syndrome Criteria and Body-Composition 
Components in Children with Type 1 Diabetes Mellitus. Int. J. Pediatr. 2016, 4, 3709–3717. https://doi.org/10.22038/Ijp.2016.7433. 

27. Łuczyński, W.; Szypowska, A.; Głowińska-Olszewska, B.; Bossowski, A. Overweight, Obesity and Features of Metabolic 
Syndrome in Children with Diabetes Treated with Insulin Pump Therapy. Eur. J. Pediatr. 2011, 170, 891–898. 
https://doi.org/10.1007/S00431-010-1372-7. 

28. Soliman, H.M.; Mosaad, Y.O.; Ibrahim, A. The Prevalence and the Clinical Profile of Metabolic Syndrome in Children and 
Adolescents with Type 1 Diabetes. Diabetes Metab. Syndr. 2019, 13, 1723–1726. https://doi.org/10.1016/J.Dsx.2019.03.036. 

29. Saki, F. Prevalence of Metabolic Syndrome in Children with Type 1 Diabetes in South of Iran. J. Compr. Ped. 2016, 7, E37703. 
https://doi.org/10.17795/Compreped-37703. 

30. Hurrle, S.; Hsu, W.H. The Etiology of Oxidative Stress in Insulin Resistance. BioMed. J. 2017, 40, 257–262. 
https://doi.org/10.1016/J.Bj.2017.06.007. 

31. Hou, X.; Liu, J.; Song, J.; Wang, C.; Liang, K.; Sun, Y.; Ma, Z.; Yang, W.; Li, C.; Zhang, X.; et al. Relationship of Hemoglobin A1c 
with Β Cell Function and Insulin Resistance in Newly Diagnosed and Drug Naive Type 2 Diabetes Patients. J. Diabetes Res. 2016, 
2016, 8797316. https://doi.org/10.1155/2016/8797316. 

https://www.pzh.gov.pl/normy-zywienia-2020/
https://www.nfz.gov.pl/


Nutrients 2022, 14, 2435 20 of 20 
 

 

32. Parthasarathy, L.; Khadilkar, V.; Chiplonkar, S.; Khadilkar, A. Effect of Antioxidant Supplementation on Total Antioxidant 
Status in Indian Children with Type 1 Diabetes. J. Diet Suppl. 2019, 16, 390–400. https://doi.org/10.1080/19390211.2018.1470123. 

33. Salmonowicz, B.; Krzystek-Korpacka, M.; Noczyńska, A. Trace Elements, Magnesium, and the Efficacy of Antioxidant Systems 
in Children with Type 1 Diabetes Mellitus and in Their Siblings. Adv. Clin. Exp. Med. 2014, 23, 259–268. 
https://doi.org/10.17219/Acem/37074. 

34. Stefan, N. Causes, Consequences, and Treatment of Metabolically Unhealthy Fat Distribution. Lancet Diabetes Endocrinol. 2020, 
8, 616–627. https://doi.org/10.1016/S2213-8587(20)30110-8. 

35. Maffeis, C.; Fornari, E.; Morandi, A.; Piona, C.; Tomasselli, F.; Tommasi, M.; Marigliano, M. Glucose-Independent Association 
of Adiposity and Diet Composition with Cardiovascular Risk in Children and Adolescents with Type 1 Diabetes. Acta 
Diabetologica 2017, 54, 599–605. https://doi.org/10.1007/S00592-017-0993-Y. 

36. Lipsky, L.; Gee, B.; Liu, A.; Nansel, T. Body Mass Index and Adiposity Indicators Associated with Cardiovascular Biomarkers 
in Youth with Type 1 Diabetes Followed Prospectively. Pediatr. Obes. 2017, 12, 468–476. https://doi.org/10.1111/ijpo.12167. 

37. Komatsu, W.R.; Gabbay, M.A.L.; Castro, M.L.; Saraiva, G.L.; Chacra, A.R.; De Barros Neto, T.L.; Dib, S.A. Aerobic Exercise 
Capacity in Normal Adolescents and Those with Type 1 Diabetes Mellitus. Pediatr. Diabetes 2005, 6, 145–149. 
https://doi.org/10.1111/j.1399-543x.2005.00120.X. 

38. Pietrzak, I.; Mianowska, B.; Gadzicka, A.; Młynarski, W.; Szadkowska, A. Blood Pressure in Children and Adolescents with 
Type 1 Diabetes Mellitus—The Influence of Body Mass Index and Fat Mass. Pediatr. Endocrinol. Diabetes Metab. 2009, 15, 240–
245. 

39. Cherubini, V.; Marino, M.; Marigliano, M.; Maffeis, C.; Zanfardino, A.; Rabbone, I.; Giorda, S.; Schiaffini, R.; Lorubbio, A.; 
Rollato, S.; et al. Rethinking Carbohydrate Intake and Time in Range in Children and Adolescents with Type 1 Diabetes. 
Nutrients 2021, 13, 3869. 

40. Lodefalk, M.; Aman, J. Food Habits, Energy and Nutrient Intake in Adolescents with Type 1 Diabetes Mellitus. Diabet Med. 
2006, 23, 1225–1232. https://doi.org/10.1111/J.1464-5491.2006.01971.X. 

41. Katz, M.L.; Mehta, S.; Nansel, T.; Quinn, H.; Lipsky, L.M.; Laffel, L.M. Associations of Nutrient Intake with Glycemic Control 
in Youth with Type 1 Diabetes: Differences by Insulin Regimen. Diabetes Technol. Ther. 2014, 16, 512–518. 
https://doi.org/10.1089/Dia.2013.0389. 

42. Thomson, R.; Adams, L.; Anderson, J.; Maftei, O.; Couper, J.; Giles, L.; Peña, A.S. Australian Children with Type 1 Diabetes 
Consume High Sodium and High Saturated Fat Diets: Comparison with National and International Guidelines. J. Paediatr. Child 
Health 2019, 55, 1188–1193. https://doi.org/10.1111/Jpc.14373. 

43. Kraus, W.E.; Houmard, J.A.; Duscha, B.D.; Knetzger, K.J.; Wharton, M.B.; Mccartney, J.S.; Bales, C.W.; Henes, S.; Samsa, G.P.; 
Otvos, J.D.; et al. Effects of the Amount and Intensity of Exercise on Plasma Lipoproteins. N. Engl. J. Med. 2002, 347, 1483–1492. 
https://doi.org/10.1056/Nejmoa020194. 

44. Nordmann, A.J.; Nordmann, A.; Briel, M.; Keller, U.; Yancy, W.S., Jr.; Brehm, B.J.; Bucher, H.C. Effects of Low-Carbohydrate Vs 
Low-Fat Diets on Weight Loss and Cardiovascular Risk Factors: A Meta-Analysis of Randomized Controlled Trials. Arch. Intern. 
Med. 2006, 166, 285–293. https://doi.org/10.1001/Archinte.166.3.285. 

45. Zomer, E.; Gurusamy, K.; Leach, R.; Trimmer, C.; Lobstein, T.; Morris, S.; James, W.P.; Finer, N. Interventions That Cause Weight 
Loss and the Impact on Cardiovascular Risk Factors: A Systematic Review and Meta-Analysis. Obes. Rev. 2016, 17, 1001–1011. 
https://doi.org/10.1111/Obr.12433. 

46. Mozaffarian, D.; Micha, R.; Wallace, S. Effects on Coronary Heart Disease of Increasing Polyunsaturated Fat in Place of Saturated 
Fat: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. PLoS Med. 2010, 7, E1000252–E1000252. 
https://doi.org/10.1371/Journal.Pmed.1000252. 

47. Jacobson, T.A.; Glickstein, S.B.; Rowe, J.D.; Soni, P.N. Effects of Eicosapentaenoic Acid and Docosahexaenoic Acid on Low-
Density Lipoprotein Cholesterol and Other Lipids: A Review. J. Clin. Lipidol. 2012, 6, 5–18, 
https://doi.org/10.1016/j.jacl.2011.10.018. 

48. De Natale, C.; Annuzzi, G.; Bozzetto, L.; Mazzarella, R.; Costabile, G.; Ciano, O.; Riccardi, G.; Rivellese, A.A. Effects of A Plant-
Based High-Carbohydrate/High-Fiber Diet Versus High-Monounsaturated Fat/Low-Carbohydrate Diet on Postprandial Lipids 
in Type 2 Diabetic Patients. Diabetes Care 2009, 32, 2168–2173. https://doi.org/10.2337/Dc09-0266. 

49. Tykarski, A.; Filipiak, K.J.; Januszewicz, A.; Litwin, M.; Narkiewicz, K.; Prejbisz, A.; Ostalska-Nowicka, D.; Widecka, K.; Kostka-
Jeziorny, K. Zasady Postępowania W Nadciśnieniu Tętniczym—2019 Rok. Nadciśnienie Tętnicze W Prakt. 2019, 5, 1–86. 

50. Aburto, N.J.; Ziolkovska, A.; Hooper, L.; Elliott, P.; Cappuccio, F.P.; Meerpohl, J.J. Effect of Lower Sodium Intake on Health: 
Systematic Review and Meta-Analyses. BMJ 2013, 346, F1326. 

 

 

https://doi.org/10.1016/j.jacl.2011.10.018

	1. Introduction
	2. Materials and Methods
	2.1. Study Group
	2.2. Blood Samples Analysis of Cardiovascular Biomarkers
	2.3. Nutritional Status and Nutrients Intake
	2.4. Metabolic Syndrome Diagnosis
	2.5. Statistical Analysis

	3. Results
	3.1. Study Characteristic
	3.2. Prevalence of Metabolic Syndrome
	3.3. Nutritional Status
	3.4. Nutrients Intake
	3.5. Nutritional Habits
	3.6. Insulin Therapy and Modern Glucose-Monitoring Systems
	3.7. Multiple Correspondence Analysis

	4. Discussion
	5. Conclusions
	References

