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ABSTRACT

Aim of the study. This study aimed to evaluate malondialdehyde status and dyslipidemia in diabetic children. In
children, type 1 diabetes mellitus (T1DM) is considered one of the most common chronic autoimmune diseases.
The first step is detecting insulin deficiency expressed by hyperglycemia. The short- and long-term effects are
significant and affect all body parts: blood vessels, eyes, kidneys, brain, heart, and nerves. Persistent
hyperglycemia generates reactive oxygen species (ROS) / free radicals through metabolic abnormalities such as
glucose autooxidation and non-enzymatic glycation.

Materials and methods. This study included 50 children with TIDM with a mean age of 7.6 years. Important
elements were evaluated to establish clear indicators of atherosclerotic activity (lipoperoxidation, protein
oxidation, changes in the status of antioxidant defense systems, plasma oxygen radical absorbance capacity
(ORAC), glycated hemoglobin (HbA1c), total cholesterol, and triglycerides).

Results. Malondialdehyde (MDA) and lipid levels were correlated and significantly higher (0,87 + 0.2 versus 1,8
+ 0,87 umol/L, 66,33 +/-14,21 versus 43,33 +/- 7,2 respectively; P < 0.001), and a significant reduction in plasma
total antioxidant capacity.

Conclusions. MDA levels presented elevated values, indicating the negative connection between atherosclerotic
risk factors and MDA. This important conclusion can be drawn every time a patient with type 1 diabetes presents
LDL excess levels, therefore representing an increased lipid peroxidation resulting in higher MDA levels. From
this point, the correlation between hyperglycemia (the main source of increased oxidative stress) in patients with
poor metabolic control and MDA is not the only path to anticipate the risk of atherosclerotic complications.
Keywords: diabetes, malondialdehyde, atherosclerosis

INTRODUCTION autooxidation and non-enzymatic glycation
Type 1 diabetes (T1DM) is considered [6,7].

one of the most common autoimmune Analyzing the importance of ROS or
diseases in pediatrics [1,2]. Cases of diabetes free radicals in the pathophysiology of type 1
mellitus were reported in newborns and diabetes has not yet expressed the exact
infants, with moderate or severe growth mechanism  of  hyperglycemia-induced
restrictions [3-5]. Progressive destruction of excessive oxygen-free radical production
pancreatic beta cells causes insulin deficiency [6,7]. However, high glucose levels determine
leading to chronic hyperglycemia [2]. The glycolytic fluxes and oxidation, leading to an
short- and long-term effects are significant increase in the formation of ROS [7,8]. In
and affect all parts of the body: blood vessels, addition, hyperglycemia leads to oxidation in
eyes, kidneys, brain, heart, and nerves [6,7]. mitochondria, which are the primary source
Persistent hyperglycemia generates reactive of ROS in diabetes [6-8].

oxygen species (ROS)/free radicals through For a metabolic process to develop, the
metabolic abnormalities such as glucose balance between free radicals and reactive

oxygen species plays a crucial role [8,9]. A
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higher glucose level leads to increased
production of free radicals and ROS [8,9].
The normal body is no longer able to
counteract the increase in these species,
resulting in a toxic effect on metabolic
mechanisms [10,11]. Different cell types
(neutrophils, macrophages) are responsible
for the normal production of ROS during
respiratory bursts [9-12].

Various genes responsible for encoding
transcription factors or cell signaling are
using ROS as stimulating signals [9-12]. The
same process is used for stimulating cell-cell
adhesion, vasoregulation, fibroblast
proliferation, and increased expression of
antioxidant enzymes [9-12].

Excessive and/or uncontrolled
production of ROS is harmful [9-12]. Due to
oxidative stress, the mitochondrial superoxide
overproduction in endothelial cells affects all
types of vessels [9-12]. Increased oxidative
stress influences the severity and degree of
insulin  resistance and accelerates the
development of diabetes, providing the
appropriate setting for the development of
microvascular, macrovascular, or
atherosclerotic complications [8,13,14].

Hyperglycemia leads to vascular
complications via the polyol pathway,
advanced glycation end products (AGEs) and
increased expression of their receptor,
activation of protein kinase C isoforms, and
overactivity of the hexosamine pathway [8].
The simple way to represent the effects of
hyperglycemia on oxidative stress is through
auto-oxidation of glucose and the non-
enzymatic protein glycation. Non-enzymatic
glycation is between glucose and the amino
groups of proteins [15].

Starting from the superoxide anion,
hydrogen peroxide is formed from superoxide
dismutase, or the least reactive molecule of
the reactive oxygen species by a dismutation
reaction [16]. It is separated from the most
dangerous radical - the hydroxyl radical. The
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hydroxyl radical oxidizes polyunsaturated
fatty acids (PUFAS), such as arachidonic acid
and docosahexaenoic acid [16].

After similar processes of hydrogen
removal, the carbon bond generates its
endoperoxides, which subsequently produce
reactive intermediates such as
malondialdehyde [16]. Malondialdehyde is
considered an important marker for radical-
mediated lipid damage and for oxidative
stress [17,18].
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Figure 1. Malondialdehyde formation from
arachidonic acid. (in red, Ito et all, 2019).

Investigating the impacts caused by
oxidative stress is linked to microbiota, which

has received significant attention in
contemporary research discussions. The
concept that all persons possess a

fundamental microbiome is well-documented
in the medical literature. Nonetheless, it is
important to note that each exhibits a distinct
microbial makeup and diversity. The
microbiome has dynamic characteristics,
changing in response to human age and health
conditions. The statement "All diseases begin
in the gut” from ancient belief holds validity
in  contemporary  understanding.  The
disruption of the healthy microbial structure,
leading to dysbiosis, is responsible for
gastrointestinal problems, systemic metabolic
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diseases, neurological impairments, kidney
affections, autoimmune diseases and
allergies. From birth, a modified microbiome
has the potential to impact the trajectory of
oxidative stress [19-30]. This topic will be
addressed in future discussions.

MATERIAL AND METHODS

Fifty patients diagnosed with type 1
diabetes according to ISPAD (International
Society for Pediatric and Adolescent
Diabetes) regulations participated in the study
[31]. They were all diagnosed and further
evaluated in the Pediatric Department of the
Clinical Hospital of Constanta, Romania. 34
boys (68%) and 16 girls (32%) met the
inclusion criteria.

After analyzing the clinical and
laboratory data and the course of the disease,
2 study groups were formed: the first group
consisted of 25 patients with good metabolic
control, and the second group consisted of 25
patients with poor metabolic control. The
medical history of each patient was analyzed
and recorded (age at onset, type of onset, type
and dose of insulin, episodes of
hypoglycemia, and ketoacidosis).

After obtaining complete clinical data
(body mass index according to charts, vital
signs, blood pressure) and signing the
informed consent form by the caregivers, the
patients were enrolled in our study. Main
inclusion criteria: duration of diabetes — more
than 5 years. Main exclusion criteria: other
associated autoimmune diseases. The proper
metabolic control was established according
to ISPAD regulations: HbAL1C (glycated
hemoglobin) under 7% [31].

Group 1 was formed by 25 patients with
good metabolic control and a diabetes
diagnosis of more than 5 years. The mean age
was 7.26 +/- 1.01 years. Group 2 included 25
patients with poor metabolic control (mean
HbA1C 8.56%) and diabetes duration of more
than 5 years.
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Laboratory investigations included:
blood glucose, HbALC, lipid profile (serum
total cholesterol, low-density lipoproteins,
high-density lipoproteins, serum
triglycerides), and lipid  peroxidation
assessment through malondialdehyde.

RESULTS AND DISCUSSIONS

The minimum period of five years as
inclusion criterion is used to ensure that the
already demonstrated "silent phase of
diabetes  development” or  mesangial
dilatation or thickening of the glomerular
membrane has already occurred [32,33].

Group 1 was associated with good
metabolic control. Out of 25 patients, 17 were
boys (34%) and 8 were girls (16%). The mean
age at admission was 7.6 +/- 1.01 years. The
second group had the same gender and
number distribution, but the mean age at
admission was 9.5 +/- 0.5 years.

Table 1 presents comparations between the
2 groups by age, gender, fasting blood
glucose, years of diabetes, HbA1C, and blood
pressure.

Table 1. Distribution according to: age, sex,
BMI, blood pressure and duration of disease

Group 1(25)  Group 2 (25)

Age 7.6 +/-1.01 9.5 +/- 0.5 years

(years) years

Gender 17/8 17/8

(M/F)

BMI >P85%- >P85%-37.02%
27.7%

(Growth P50% - 35,62%

charts P50% - 55%

p%0o) <P 5% - 27,36%
<P 5% -
17,25%
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Blood >P95%-6.23% >P85%-7.85%
pressure
P50% - 66.02% P50% - 69%
(Charts
P9%) <P 5% - <P 5% - 23,15%
27,75%
Years of 7.24+/-0.15 8.35 +/-1.2
diabetes

The age at enrollment in our study is 7.6
years for the first group (good metabolic
control) compared to the second group (poor
metabolic control), in which the patients were
close to prepuberty (9,5 years). The gender
distribution was equal in both groups, with a
male predisposition.

Normal blood pressure values were
obtained in both groups, with higher values in
the first group. The patients in the first group
who were above the P 95% had transient
hypertension, while in the second group,
2.5% of the total 7.85 patients had persistently
high values. After weight loss and dietary
changes, the values normalized. None of the
patients required medical treatment.

Table 2. Evaluation of metabolic control

Group 1 Group 2
Fasting 135 +/- 35,56 220 +/- 98,23
glucose mg/dI mg/dI
HbA1C 73+/-05% 10,2 +/- 2,33
%

Insulin dose 0,9 u/kg+/- 1,3 ulkg +/-
(u/kg/day) 0,11u 0,3u

Severe 3,8 6,5
hypoglycemia = episodes/year episodes/year
Diabetic 1,8 25

ketoacidosis
episodes/year

episodes/year = episodes/year

Table 3. Distribution by cholesterol values

Group 1 Group 2
Total 105,05+/- 163,25+/-
cholesterol 32,2 36,24
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HDL 66,33+/- 43,33+/-7,2
cholesterol = 14,21

LDL 105,23+/- 131+/- 25,3
cholesterol 11,2

Triglyceri  85,3+/- 23,23  123+/-23,25
des

Malondial 0,87+/- 0,2 1,8+/- 0,87
dehyde

CONCLUSIONS

Important  differences in  gender
distribution were observed. Male gender
presented a higher prevalence (68%)
compared to female (32%). After a final
distribution according to metabolic control 2
groups were defined with equal age
distribution.

A good metabolic control represented
by group 1 presented a lower fasting blood
glucose and post-prandial glucose. The same
results were obtained for HbAlc levels.
Group 2 used higher doses of insulin in order
to maintain a normal glycemic control (Group
1 vs group 2: 0.9 vs 1.3)

In the present analysis, positive
correlations between lipids and MDA could
be noticed. Group 1 having a good metabolic
control presented lower levels of MDA. The
second group presented poor metabolic
control underlined by higher levels of total
cholesterol and LDL. MDA levels were
increased, indicating the negative connection
between atherosclerotic risk factors and
MDA. This important conclusion can be
drawn every time a patient with type 1
diabetes presents LDL excess levels,
therefore representing an increased lipid
peroxidation resulting in MDA higher levels.
From this point the correlation between
hyperglycemia (the main source of increased
oxidative stress) in patients with poor
metabolic control and MDA is not the only
path to anticipate the risk of atherosclerotic
complications.
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