Oksidative stress in pediatric patients
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Oxidative stress (0S), defined as an imbalance between reactive oxygen species (ROS) and the body’s antioxidant defense systems, plays a significant role in
the pathophysiology of various pediatric diseases. Reactive oxygen species are generated both endogenously through cellular metabolism and exogenously
from environmental factors such as pollutants and radiation. While OS is essential for physiological processes, its dysregulation can contribute to tissue
damage, cellular aging, and disease development. In children, OS is implicated in a wide range of conditions, including metabolic disorders like cystic fibrosis
and type 1 diabetes, neurodevelopmental disorders such as autism spectrum disorder (ASD) and attention-deficit/hyperactivity disorder (ADHD), respiratory
diseases like asthma and cardiovascular conditions including congenital heart disease.

This review examines the mechanisms of OS in pediatric populations and highlights its role in disease progression. In particular, we discuss how ROS con-
tributes to the pathogenesis of respiratory, neurodevelopmental, metabolic, gastrointestinal, and inflammatory diseases. For example, children with asthma
experience increased OS, exacerbating airway inflammation, while those with cystic fibrosis suffer from chronic ROS-mediated lung damage. In neurodevel-
opmental conditions like ASD and ADHD, OS disrupts normal neuronal function, potentially contributing to cognitive and behavioral impairments. Additionally,
0S is a major factor in pediatric gastrointestinal disorders such as necrotizing enterocolitis and food allergies, where imbalances in antioxidant defenses are
commonly observed. The paper also explores the potential for antioxidant therapies to mitigate OS-related damage in pediatric diseases.

oxidative stress, pediatric diseases, reactive oxygen species, antioxidants, pediatric patients

DOI: 10.4328/ACAM.22495 Received: 19/11/2024 Accepted: 24/12/2024 Published Online: 03/01/2025 Printed: 01/02/2026 Ann Clin Anal Med 2026;17(2):179-185
Corresponding Author: Sebahattin Memis, Department of Pediatrics, Aksaray University Training and Research Hospital, Aksaray, Tiirkiye.

E-mail: dr.sebahattinmemis@gmail.com P: +90 546 920 93 93

Corresponding Author ORCID ID: https://orcid.org/0000-0002-3829-9218

Other Author ORCID ID: Mehmet Semih Demirtas, https://orcid.org/0000-0003-2965-1811 - Hiiseyin Erdal, https://orcid.org/0000-0003-0786-5077

Gizem Sorkulu Memis, https://orcid.org/0000-0001-5344-034X

Annals of Clinical and Analytical Medicine | 179



Oksidative stress in pediatric patients

Introduction

The term oxidative stress (OS) was first introduced by Sies
in 1985 [1]. OS occurs when there is an imbalance between
reactive oxygen species (ROS) and antioxidants, with the balance
tipping in favor of ROS production [2]. Reactive oxygen species
have both endogenous and exogenous sources. Endogenous
ROS are produced from molecular oxygen during cellular
metabolism, enzymatic oxidation, or inflammatory processes.
Exogenous sources include radiation, certain drugs (such as
chemotherapeutic agents), metal ions, asbestos, quartz, silica,
exhaust gases, and cigarette smoke [3]. Antioxidants are divided
into enzymatic and non-enzymatic types; examples of non-
enzymatic antioxidants include vitamins A, C, and E, flavonoids,
procyanidins, B-carotene, and glutathione (GSH),
enzymatic antioxidants include superoxide dismutase (SOD),

while

catalase (CAT), heme oxygenase-1, peroxiredoxins, thioredoxins,
and glutaredoxins [4]. Reactive oxygen species play roles in
regulating intracellular calcium levels, protein phosphorylation
and dephosphorylation, and pathogen destruction [5].

In children, OS has been linked to metabolic disorders such
as cystic fibrosis, type 1 diabetes mellitus, obesity, and
chronic renal failure, as well as psychiatric conditions like
autism, psychosis, and schizophrenia. Cardiovascular diseases,
including congenital heart failure and Kawasaki disease, which
have inflammatory components, are also associated with OS.
Numerous studies have been conducted on the role of OS in
various pediatric conditions, including nutrition, the comparative
effects of antiepileptic drugs on cellular damage in childhood
epilepsy, asthma,
neonatal disorders like necrotizing enterocolitis, retinopathy of

enuresis, rickets, immunodeficiencies,
prematurity, and the impact of sports activities. Results suggest
that OS significantly affects children’s metabolism [6-12].

In this study, we aimed to explore the role of OS in the
pathogenesis of childhood diseases by reviewing research that

examines OS biomarkers in pediatric conditions.

Materials and Methods

The studies obtained as a result of the current literature review
consist of intervention studies such as case-control, case series,
and revisions. We applied the Preferred Reporting Items for
Screening Meta-Analyses in our study [13]. English publications
made in the last 15 years using the keywords “oxidative stress,
pediatric patients, children” were examined via the PUBMED,
Scopus, and Elsvier scientific databases. Approximately 30
studies conducted with patients under the age of 18, which were
suitable for the disease groups in our article, were included.

Table 1. Important ROS molecules and their metabolism

Reactive Oxygen Species Main Sources

Mechanism

Mitochondria are the primary endogenous source of ROS.
Molecular oxygen is reduced to water in the electron transport
chain, but 2-3% of oxygen is converted to ROS instead of
water. When oxygen gains one electron, a superoxide radical
is formed; with two electrons, hydrogen peroxide is produced,
and with three electrons, a reactive hydroxyl radical is created.
To mitigate the toxicity of these ROS, antioxidant enzymes
like SOD, glutathione peroxidase (GPx), glutathione reductase,
glutathione S-transferase (GST), CAT, thioredoxin reductase,
peroxiredoxins (Prx), and NAD(P)H: ubiquinone oxidoreductase
(NQOT1) become active (Table 1). When the capacity of the
antioxidant system is overwhelmed, ROS levels rise [14]. The
imbalance between ROS and antioxidant systems leads to
cellular stress, resulting in lipid peroxidation, protein and
oxygen and DNA
damage, causing cellular aging, disease, and cancer [15].

OS is understood as the disruption of the balance between ROS
and antioxidants, tipping in favor of ROS. In adults, OS often
results from weakened antioxidant systems and increased ROS,
leading to cellular aging and disease. In children, OS tends to
arise due to the genetic and metabolic foundations of childhood
diseases, which make their cellular environments prone to
inflammation and increased ROS production. For example,
studies have shown excessive ROS production in diabetes
mellitus associated with cystic fibrosis, leading to damage
in pancreatic beta cells [16]. In sickle cell anemia, the sickle-
shaped red blood cells produce more ROS than healthy red
cells [17]. Autism spectrum disorder is linked to mitochondrial

carbohydrate degradation, inactivation,

abnormalities that reduce ATP synthesis and increase ROS
production, accompanied by an increased antioxidant response,
leading to OS [18]. Furthermore, infants born to mothers who
consumed alcohol during pregnancy exhibit elevated ROS levels
in the neonatal period, leading to metabolic and neurocognitive
disorders in childhood [19].

Although numerous mechanisms explaining OS have been
proposed, no specific mechanism has been conclusively
identified in children. Since OS frequently occurs in the context
of genetic and metabolic diseases in children, the mechanisms
involved are complex and multifaceted. To better understand
OS in children, individualized studies for each disease are
necessary.

Results

The Role of Oxidative Stress in Pediatric Diseases

Respiratory Diseases

A study comparing children with allergic rhinitis to healthy

Products

Enzymatic defense systems

Electron leakage in the electron transport chain

Superoxide (0,) Active phagocytes

Xanthine oxidase

From molecular oxygen via SOD NADPH-oxidase

Hydrogen Peroxide (H,0,) Glucose Oxidase
Xanthine Oxidase
Hydroxyl Radical (OH)

Nitric oxide (NO) Nitric oxide synthase

From O, and H,0, via transition metals (Fe or Cu)

Superoxide Dismutase (SOD) H,0, + 0,
Superoxide Reductase
H.,0,
Glutathione Peroxidase H,0+ GSSG
Catalase H,0 + 0,
Peroxiredoxin (Prx) H,0
Glutathione /TrxR GSNO
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controls found that OS index levels were higher and absolute
eosinophil counts were significantly elevated in children with
allergic rhinitis [20]. Asthma, a common reason for pediatric
emergency visits and school absences, is influenced by OS,
which regulates the inflammatory response. Dietary intake of
antioxidants such as zinc can enhance treatment efficacy, while
an increase in oxidative substances or a reduction in antioxidant
intake can worsen asthma severity [21]. Low temperatures have
been shown to increase OS in pediatric asthma patients, both in
the nasal cavity and in the circulatory system, inducing asthma
symptoms [22]. Poorly controlled asthma in children exposed to
exhaust fumes exacerbates OS and reduces lung capacity [23].
Premature neonates, due to their increased ROS load and
underdeveloped antioxidant mechanisms, are prone to oxidative
damage, which can progress to chronic conditions such as
bronchopulmonary dysplasia [24]. Cystic fibrosis, an autosomal
recessive genetic disorder, is characterized by mutations in the
cystic fibrosis transmembrane regulator (CFTR) gene, which
impairs chloride ion transport and affects organs such as
the lungs and pancreas [25]. In cystic fibrosis, chronic airway
inflammation leads to excessive ROS production by neutrophils
and macrophages, causing cell damage [26]. Additionally, CFTR
mutations disrupt ion balance, increase intracellular calcium,
reduce GSH levels, and impair antioxidant defenses [25]. Iron
accumulation also contributes to OS in cystic fibrosis patients
[27].

When Mycobacterium tuberculosis is inhaled, it is phagocytized
by antigen-presenting cells in the lungs, leading to inflammation.
Reactive oxygen species and reactive nitrogen products are
released to eliminate the bacillus. Although the increase in
free radicals is part of the defense mechanism, it can harm the
host. A study in 2014 compared OS and paraoxonase-1 (PON-1)
levels in 40 children with tuberculosis and 40 healthy children.
In pulmonary tuberculosis patients, total oxidative status (TOS)
and OSI levels were higher, while total antioxidant status
(TAS) and PON-1 levels were lower than in the control group,
indicating greater OS in pulmonary tuberculosis patients [28].
In children with adenoid hypertrophy or obesity, the narrowing
of the upper airway increases resistance, causing pharyngeal
collapse and reduced airflow, leading to hypoxemia, hypercapnia,
and short arousals from sleep. The hypoxia and reoxygenation
cycles that occur during airway blockage and breathing
resumption trigger systemic OS and inflammation. In pediatric
leukotriene
activity, an inflammatory and OS biomarker, has been observed
in both the airway and pharyngeal lymphoid tissue [29].
Neurodevelopmental Disorders
Ataxia-telangiectasia, an
neurodevelopmental characterized by cerebellar
degeneration, telangiectasias,
deficiency, and susceptibility to malignancies, is associated with

obstructive sleep apnea syndrome, increased

autosomal recessive
disorder

oculocutaneous immune
OS. Inflammatory markers suchas IL-6 and IL-8, elevated in these
patients, suggest OS may contribute to disease progression
[30]. Autism spectrum disorder, a neurodevelopmental condition
influenced by both genetic and environmental factors, is also
associated with increased OS due to impaired antioxidant
systems, particularly in the temporal cortex and cerebellum
[31,32]. Autism spectrum disorder is a neuropsychiatric

disorder characterized by repetitive behaviors, impaired social
communication skills, and restricted interests. Although genetic
and environmental factors cause ASD, its pathophysiology is
still unclear. Since there is no reliable marker for diagnosis, it
is quite difficult to diagnose in patients under 2 years of age.
Although OS is not diagnostic, it has an important place in the
pathophysiology of ASD. Since brain tissue uses almost 20% of
the oxygen in the body, the amount of ROS production is higher
than other tissues, and therefore it is more sensitive to OS.
In a postmortem study conducted in 2012 with ASD patients,
it was shown that reduced GSH, oxidized glutathione (GSSG),
and glutathione redox/antioxidant capacity (GSH/GSSG), which
are peripheral markers of ASD, were significantly reduced in
the cerebellum and temporal cortex of the brain, and it was
concluded that there was a serious relationship between ASD
and OS [33]. Attention-deficit/hyperactivity disorder (ADHD)
is another neurodevelopmental disorder linked to OS, with
increased ROS production and reduced antioxidant defenses
contributing to the pathophysiology of [34].

Oxidative stress is an important factor, alongside genetic,
neurobiological, psychological, and neurochemical factors, in
the etiology of anxiety disorders in children and adolescents.
The imbalance between oxidants and antioxidants leads to
a biological condition where accumulated oxidants impact
central nervous system-related pathologies, contributing to
neuropsychiatric disorders. A 2014 study on children with and
without anxiety disorders found that those with anxiety had
higher OS indices and total oxidative levels than the control
group, indicating a role for OS in anxiety disorder etiology [35].
Simple febrile seizures are generally benign, but due to high
glutamate levels and increased metabolic brain activity during
a seizure, increased oxygen use can result in OS. Oxidative
stress damages functional cells and can lead to cell death
due to the oxidation of biomolecules such as proteins, lipids,
and nucleotides. Changes in antioxidant levels and increased
lipid peroxidation may contribute to neuronal damage during
seizures. Increased ROS levels are both a cause and result of
seizures. Thiol/disulfide homeostasis, a safe, cost-effective
biomarker indicating excessive ROS production, plays a
significant role in antioxidant defense, detoxification, signal
transduction, enzyme activity, apoptosis, and central nervous
system physiology. In febrile seizure patients, thiol/disulfide
homeostasis is disrupted, contributing to seizure progression
and recurrence, which can lead to neuronal damage [36].
Although the pathophysiological mechanism of epilepsy is not
fully known, it is thought that Os plays a role in etiopathogenesis.
Brain tissue is very sensitive to OS because it uses most of
the oxygen entering the body. The resulting ROS affects signal
transmission. In a study conducted to examine the effect of
antiepileptic treatments on OS, it was shown that antiepileptic
treatment increased OS [37].

Cardiac and Metabolic Diseases

Children with congenital heart disease are more vulnerable to
OS due to inadequate oxygen delivery to tissues [38]. Acute
rheumatic fever (ARF), a disease triggered by a Group B
streptococcal infection, has been linked to OS. Studies show
elevated levels of C-reactive protein (CRP), malondialdehyde
(MDA), protein carbonyl (PCO), and cytokines in ARF patients,
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along with reduced TAS [39]. Kawasaki disease, a vasculitis that
affects coronary arteries in children under 5 years of age, is
characterized by increased OS during its early phase due to the
accumulation of ROS-producing neutrophils and macrophages
in the coronary arteries [40]. In a study conducted in 2019,
low-density lipoprotein (ox-LDL)/lectin-like-oxLDL
receptor-1 (LOX-1) levels were examined, and LOX-1 mRNA
expression was significantly increased in Kawasaki patients,
especially those with coronary artery lesions. LOX-1 level may
be a biomarker indicating the risk of developing coronary artery
lesions in Kawasaki patients [41].

oxidized

OS has an important role in the pathophysiology of many
cardiovascular diseases. The development and progression of
heart failure in patients with congenital heart disease (CHD)
is the most important cause of morbidity and mortality. Since
oxygenation is lower in congenital heart diseases, especially
in patients with cyanotic CHD, hypoxia causes an increase in
ROS production in these patients. Therefore, these patients are
more susceptible to OS. In a study conducted in Turkey in 2011,
MDA, PCO, hs-CRP, fibrinogen, IL-6, and TNF-a levels were
significantly higher in children with CHD compared to healthy
children. The results showed that patients with CHD were more
susceptible to OS and that PCO could be used as a biomarker
[42].

Tetralogy of Fallot (TOF) is the most common form of cyanotic
CHD. It is seen in 0.5 people per 1000 live births. TOF clinically
causes frequent hypoxia attacks. These attacks produce large
amounts of ROS. These attacks contribute to the formation
of OS. To prove this contribution, in a study conducted with
47 CHD patients (24 TOF, 23 ventricular septal defect (VSD))
and 47 healthy children, thiol and NO levels of the participants
were examined, and a significant decrease in the native thiol/
total thiol ratio was detected in TOF patients. No significant
change was observed in this ratio in VSD patients. NO levels
were significantly increased in VSD and TOF patients [43].
Gastrointestinal Disorders

Necrotizing enterocolitis, a severe gastrointestinal disease in
premature infants, is associated with rapid ROS production
due to premature metabolic processes, exposure to 100%
oxygen, and the presence of free iron [44]. Studies on food
allergies in children have shown reduced antioxidant levels,
such as selenium and zinc, and decreased activity of antioxidant
enzymes like GPx and SOD. Antioxidant levels improved after
elimination diets, indicating a weakened antioxidant defense
system in food allergies [45].

Celiac disease is an autoimmune disorder triggered by
gluten sensitivity in the small intestine. The DNA sequence
of gliadin, one of the proteins in gluten, exerts cytotoxic and
immunomodulatory effects and triggers OS, causing pro-
inflammatory cytokine release and mucosal damage. Both
enzymatic and non-enzymatic antioxidants protect the body
against ROS damage, but most non-enzymatic antioxidants
are essential dietary components in celiac patients. Adherence
to a strict gluten-free diet is crucial for maintaining oxidant-
antioxidant balance in celiac disease [46].

Rheumatologic Disorders

In IgA vasculitis, when gastrointestinal involvement is the first

clinical symptom, studies have shown increased DNA oxidation.
During the active phase of the disease, IL-17 levels and TAS
were found to be higher compared to remission, indicating that
OS plays a significant role during disease exacerbation [47].
Systemic lupus erythematosus (SLE) is an autoimmune disease
that involves multiple organs and systems. In SLE patients,
immune cells are dysfunctional due to autoantigen production
and autoantibody reactivity. In these patients, the evaluation
of DNA, lipid, and protein markers damaged by OS helps
determine the course of the disease, treatment response,
severity, and prognosis. In a study conducted in Egypt in 2019
with 100 children diagnosed with SLE and 100 healthy controls,
the participants’ MDA GST SOD TAS CAT levels were examined.
It was determined that there was a significant increase in MDA
and CAT levels and a significant decrease in SLE and GST levels
in SLE patients. It was concluded that OS plays an important
role in the pathogenesis of SLE [48].

Endocrine Disorders

Type 1 diabetes mellitus (T1DM) is an autoimmune disease
caused by the destruction of pancreatic islet B-cells, resulting
in insufficient insulin secretion. The primary treatment involves
individually adjusted insulin doses to regulate glucose levels.
Proper glycemic control affects the antioxidant system and
prevents complications. Dietary intake of antioxidant nutrients
is as important as metabolic and glycemic control in minimizing
OS-related damage [49]. To detect and prevent diabetic
inflammation and complications early, many recent studies have
focused on hemogram parameters. In a study investigating the
relationship between hemogram parameters and OS in type 1
diabetes patients, findings revealed that inflammation and OS
markers contributed to abnormalities in hemogram parameters.
This suggests that certain hemogram parameters could serve
as early indicators for diabetic complications [50].

Childhood obesity, affecting millions of children worldwide, is
associated with metabolic syndrome and OS due to cytokine
release, lipid hemostasis disruption, and reduced antioxidant
defenses [38].

Urinary Diseases

Nephron formation is generally completed between the 34th
and 36th weeks of gestation. Preterm births often occur while
nephrogenesis is still ongoing. Oxidative stress can damage the
proximal tubules. The exposure of preterm newborns to high
concentrations of oxygen at birth and afterward contributes to
hypertension, a reduction in nephron numbers, and structural
impairment in adulthood. Reactive oxygen species also increase
extracellular matrix accumulation in tubular epithelial cells,
mesangial cells, and the tubular interstitium and activate a
profibrogenic cytokine, TGF-B, leading to fibrosis in kidney
tissue [51].

Oxidative stress arises from the imbalance between ROS and
antioxidants. In chronic renal failure, this stress is multifactorial,
stemming from uremic toxins, incompatible dialyzers with
mononuclear cells, contaminated dialysates, and infections,
and is compounded by reduced antioxidant enzyme activities.
Hemodialysis reduces hypoxia but increases antioxidant loss.
The resulting OS can lead to long-term complications in uremic
patients. As a compensatory mechanism, VEGF is produced to
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increase oxygen delivery to hypoxic tissue [52].

Hematologic Diseases

Oxidative stress and alterations in thiol-disulfide balance
are thought to play a role in the pathogenesis of idiopathic
thrombocytopenic purpura (ITP). A 2021 study divided
participants into three groups: acute ITP, chronic ITP, and a
control group. The study analyzed TAS, TOS, oxidative stress
index (OSl), and thiol-disulfide levels. Results showed increased
OS in children with acute and chronic ITP, a thiol-disulfide
imbalance favoring disulfide in acute ITP, and no imbalance in
children with ITP who had normal platelet counts and did not
require treatment [53].

Leukemias and lymphomas are among the most diagnosed and
deadliest malignancies in children worldwide. Cellular OS in
these patients is mainly related to cancer treatment and diet.
Normally, OS promotes disease progression and DNA damage.
However, in pediatric leukemia and lymphoma patients, OS
increases the effectiveness of chemotherapeutic treatment.
These drugs increase ROS levels, causing irreversible damage
to cancer cells. Since cellular antioxidant balance can be
regulated by diet, studies have been conducted to enhance
treatment efficacy by monitoring the nutritional status of
pediatric leukemia and lymphoma patients [54].

Iron deficiency anemia has also been associated with OS
in patients experiencing breath-holding spells. Studies have
shown that the oxidant/antioxidant balance is shifted toward
oxidants in these patients [55].

Newborn

Neonatal hyperbilirubinemia, affecting 8 to 11% of newborns
during their first week of life, is a common condition that arises
from the oxidative breakdown of red blood cells. A study on
pretermneonates demonstrated that vitamin E supplementation,
an antioxidant, significantly reduced serum bilirubin levels and
increased total antioxidant capacity. This suggests that vitamin
E supplementation can shorten the duration of phototherapy
required for treating neonatal hyperbilirubinemia [56].

Since the antioxidant system in newborns is not yet developed,
they are quite sensitive to OS. In a study conducted in 2023 with
28 newborns who received phototherapy with the diagnosis of
neonatal hyperbilirubinemia, bilirubin, total and native thiol,
TAS, TOS, and OSl levels of the patients were measured before
and after phototherapy. It was found that native and total thiol
levels, TAS, and TOS levels were significantly lower in infants
after phototherapy. It was concluded that phototherapy reduces
OS due to hyperbilirubinemia in newborns and that Thiol-
disulfide homeostasis can be used as a marker of OS due to
hyperbilirubinemia in the early period [7].

Fetal alveolar fluid fills the alveoli during the antenatal period
and must be removed for gas exchange to occur at birth.
Tachypnea is observed in newborns to tolerate late removal or
inadequate absorption of this fluid. This condition is defined
as transient tachypnea of the newborn (TTN). Increased
respiratory workload triggers OS. Continuing Positive Airway
Pressure (CPAP) treatment helps remove this fluid from the
alveoli. In a study conducted in 2023, Thiol (natural and total)
and disulfide levels, TAS, TOS, and OSI levels were measured
before and after CPAP treatment in patients admitted to the
neonatal intensive care unit with TTN. A significant decrease in

disulfide levels was detected after CPAP treatment in the late
preterm group. It was concluded that CPAP treatment reduced
0OS associated with TTN in newborns [8].

Bronchopulmonary dysplasia (BPD) is a chronic lung disease seen
in premature newborns due to the negative effects on alveolar
and pulmonary vascular development as a result of premature
birth and subsequent processes. In premature infants, exposure
to high oxygen pressure and volume as a result of respiratory
support given to ventilate immature lung tissue damages lung
tissue. Inflammation is triggered. Inflammation and the ROS
that occur together trigger OS formation. In a study conducted
to evaluate the level of OS and dynamic thiol-disulfide balance
in patients with BPD, TAS, TOS, OSlI, natural thiol (NT), and total
thiol levels were measured in 2 groups of patients with and
without BPD included in the study. Plasma TAS and NT levels
measured in newborns with BPD were found to be significantly
lower than in newborns without BPD. It was concluded that OS
was high in newborns with BPD and affected them [9].

Parallel to the developments in newborn care, although the
survival chance of low birth weight and premature babies has
increased, the incidence of retinopathy of prematurity (ROP),
which causes vision problems, is increasing. The retina is not
fully vascularized in premature newborns; there are avascular
areas. As a result of oxygen treatments after birth, abnormal
vascularization occurs in avascular areas. ROP occurs as a result
of bleeding in these abnormal vascularized areas. Since the
risk of developing ROP increases in hyperoxia conditions, ROS
production also increases in these patients. It is thought that
these patients are quite sensitive to OS. In a study conducted
with 129 premature newborns with a gestational age of <34
weeks, the Thiol (native and total), TAS, TOS, and OSI levels
of the patients were examined. TAS levels were found to be
lower in those with ROP compared to those without, while TOS
and OSI levels were found to be significantly higher. It was
concluded that ROP patients are quite sensitive to OS [10].
Other Related Conditions

Human breast milk is the baby’s sole and primary source of
nutrition in the first 6 months of life. Human breast milk plays
a major role in the development of both the gastrointestinal
system and the immune system. Human breast milk is rich in
many antioxidant enzymes such as CAT, GPx, and SOD. These
enzymes are not found in formula milk. It has previously been
shown that there is a significant reduction in urinary markers
of oxidative DNA damage in breastfed full-term and preterm
infants compared to formula-fed infants [57].

Vitamin B12 has undertaken many important roles, such as
neurotransmitter synthesis, DNA synthesis, and cognitive
development. In vitamin B12 deficiency, permanent changes
are likely to be seen in cognitive activities and neuronal and
hematological systems. Invitamin B12 deficiency, GSH synthesis,
which is an indicator of antioxidant capacity, decreases. Thus,
ATP production decreases and ROS amount increases. In a
case-control study conducted in 2023 with patients presenting
with headache complaints, serum disulfide level was found to
be higher in patients with vitamin B12 deficiency than in those
without vitamin B12 deficiency, and it was concluded that OS
plays an important role in vitamin B12 deficiency [6].

Vitamin D is a vitamin that affects calcium, phosphorus,

Annals of Clinical and Analytical Medicine | 183



Oksidative stress in pediatric patients

and bone metabolism in the human body, as well as having
antioxidant properties. In a study conducted in China in 2014
with 1488 pediatric patients, CRP, IL-6, MDA, and SOD levels
were examined in 2 groups of patients with and without vitamin
D deficiency, and SOD levels were found to be high in patients
with vitamin D deficiency. It has been reported that high SOD
levels are associated with OS [58].

Diagnostic Biomarkers of Oxidative Stress in Pediatric Patients
Oxidative stress plays a role in the pathophysiology of various
diseases, from DNA oxidation to effects on lipids, free amino
acids, and proteins. Many methods have been developed to
study OS effects, with biomarkers of OS being among the most
effective. However, due to its complex nature, finding and using
a disease-specific biomarker is challenging. Main indicators
of oxidative damage include MDA, a stable end-product of
membrane lipid peroxidation, and 8-hydroxy-deoxyguanosine
(8-OHdQ). Antioxidant systems formed in response to oxidative
damage are divided into enzymatic and non-enzymatic systems.
Key enzymatic biomarkers include GPx, CAT, and SOD, while
primary non-enzymatic biomarkers include uric acid and GSH
[59]. In our review, the biomarkers measured in the diseases
mentioned are reported in Supplementary Table S1.

Discussion

Conclusion

Oxidative stress occurs as a result of the imbalance between the
production of ROS and antioxidant mechanisms. In children who
are in the growth and development period, due to the immaturity
of antioxidant mechanisms, the excessive production of ROS
and the immaturity of antioxidant mechanisms to balance
this resulting in the imbalance in favor of the increase in ROS,
resulting in OS. Although there are different mechanisms for
each patient and disease, OS fundamentally plays an important
role in childhood diseases. It has been concluded that the use of
antioxidants in the treatment of these diseases contributes to
the reduction of damage caused by OS.
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