
The Turkish Journal of Pediatrics 2025; 67 : 39-50
https://doi.org/10.24953/turkjpediatr.2025.4567 Original Article

The Turkish Journal of Pediatrics ▪ January-February  2025 39

Thalassemias, resulting from inherited defects 
in the production of hemoglobin, are among the 
most common genetic disorders worldwide.1-4 
They are characterized by absent or reduced 
synthesis of one or more globin chains. 
Degradation of unpaired chains in erythrocytes 
causes premature cell death. Thalassemias 

are designated depending on the affected 
globin chain. In β-thalassemia, β-globin chain 
production is impaired due to mutations in one 
or both of the β-globin genes, each located on a 
haploid chromosome. Clinically, β-thalassemia 
may occur in major (homozygous), intermediate 
(usually compound heterozygous), and minor 
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ABSTRACT

Background. In transfusion-dependent forms of β-thalassemia, chronic anemia and iron overload lead to 
the development of oxidative stress-related DNA damage. In β-thalassemia minor (β-Tm), oxidative stress 
resulting from an unbalanced globin chain ratio has been documented, even in the absence of anemia and its 
complications. However, the status of oxidative stress-related DNA damage has not yet been elucidated. The 
aim of this study was to assess DNA damage in β-Tm in a pediatric population. 

Material and Methods. We compared 142 children with β-Tm to 113 healthy controls, including siblings of 
the β-Tm individuals. The comet assay was used to assess DNA damage in peripheral blood lymphocytes. 
Additionally, oxidative stress markers and biochemical parameters were measured.

Results. No significant differences were observed between the β-Tm group and controls in terms of demographics, 
biochemical parameters, or baseline oxidative stress levels (p>0.05). In the comet assay, there was no difference 
in tail intensity (TI) between subjects and controls, nor between siblings with and without β-Tm (p=0.551 and 
p=0.655, respectively). However, when the β-Tm group was divided by age, a gradual increase in DNA damage, 
as measured by TI, was observed. This increase was more pronounced in the β-Tm group compared to controls.

Conclusion. We observed no significant differences in DNA damage between β-Tm individuals and 
controls. However, TI increased at a faster rate with age in carriers compared to non-carriers, suggesting that 
environmental factors might exert a more pronounced influence on the genetic integrity of individuals with a 
β-Tm background. Although β-Tm itself does not seem to pose a substantial genotoxic risk in childhood, our 
findings underscore the importance of further research into the interplay between β-Tm and other risk factors 
throughout life. We advocate for long-term monitoring of β-Tm children to assess the health and potential 
genetic consequences.
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(heterozygous) genetic forms. In β-thalassemia 
major (TM), the severe form of the disease, both 
alleles are affected and life-threatening anemia 
develops. If untreated, anemia leads to tissue 
hypoxia and resultant redox imbalance.5,6 TM 
patients require lifetime blood transfusions, 
which lead to iron overload. This pathological 
condition plays a crucial role in the generation 
of reactive oxygen species (ROS) that are capable 
of mediating the cellular macromolecules 
including deoxyribonucleic acid (DNA). Patients 
suffer from cumulative oxidative damage 
produced by iron and hypoxia.5,6 Research on 
sickle cell disease (SCD) and iron deficiency 
anemia (IDA) indicates elevated oxidative 
stress and DNA damage. SCD, which is another 
hemoglobinopathy, similar to thalassemia, is 
linked to persistent inflammation and oxidative 
stress, resulting in increased DNA damage.7,8 
Deficiency of iron, like its overload, although 
exhibiting less oxidative stress compared to 
thalassemia or SCD, may still induce genomic 
instability.9,10 Similar complications, to a lesser 
degree, develop in β-thalassemia intermedia. 
Thalassemia minor (Tm) is the less-severe form 
of the disorder and is usually expressed as only 
mild anemia with no clinical disability.11The 
main goal in the detection of Tm in individuals 
is the opportunity for genetic counseling. 
However, the potential clinical significance 
of Tm in some health fields, including DNA 
damage, has been described.12-18 There is 
extensive knowledge about DNA damage in 
patients with β-thalassemia; however, DNA 
damage in heterozygotes remains unclear. 
β-thalassemia is common and ascertaining 
DNA damage status in β-Tm individuals, the 
most frequent form, is important worldwide. 
Determination of potential DNA damage 
during childhood, known as a critical step in 
the initiation of cancer, is necessary to enable 
the regulation of living conditions for those 
individuals. 

DNA damage refers to alterations in DNA 
structure that may lead to loss of genome 
integrity.19,20 Genotoxicity has been shown 
to be associated with radiation, cigarette 

smoking and environmental tobacco smoke 
(ETS) exposure, viral infections, vitamin 
deficiencies, and some genetic disorders (e.g., 
ataxia telangiectasia, Bloom’s syndrome).21-23 
Oxidation of bases is one of the mechanisms of 
DNA damage.19,20 ROS generated by external 
agents or normal metabolic/cellular processes, 
as observed in thalassemia, have a genotoxic 
effect via oxidation reaction leading to DNA 
strand breaks.24-27 Among genotoxicity assays, 
the comet assay is widely used for the detection 
of DNA damage in several clinical conditions, 
including childhood diseases.28-31 Comet assay 
can directly assess the damage at a single cell 
level.

The aim of this study was to assess, for the 
first time, DNA damage by comet assay in a 
pediatric population with β-Tm using several 
biochemical parameters including oxidative 
status tests.

Materials and Methods

Subjects 

The present study, assessed DNA damage in 
β-Tm. 142 children (73 males, 69 females; age: 
6.0±3.6 years (mean±SD), range: 1-17 years) 
with β-Tm from the Pediatric Hematology 
Department of Gazi University Medical 
Faculty were recruited between July 1, 2014 
and December 31, 2015. β-Tm was diagnosed 
based on red cell indices on complete blood 
count (CBC) and hemoglobin (Hb)A2 level 
in hemoglobin electrophoresis; microcytosis 
(mean corpuscular volume [MCV]<80 fL), 
hypochromia (mean corpuscular hemoglobin 
[MCH]<25 pg) and erythrocytosis (red blood 
cells [RBC]>5x106/L) on CBC, with normal body 
iron status, and simultaneously increased HbA2 
level (≥3.5%) were consistent with the diagnosis. 
In some individuals with similar results but 
normal HbA2 levels, the diagnosis was achieved 
by parental study and molecular analysis of 
the β-globin gene. As controls, 113 children (50 
males, 63 females; age: 8.2±3.4 years, range: 1-17 
years) were enrolled. A segment of the control 
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group was formed from healthy siblings of the 
β-Tm subjects (n=34, 30% of the controls). For 
those subjects with no healthy sibling, age- and 
gender-matched healthy children (n=79, 70% 
of the controls) were enrolled as their controls. 
Children with infections, a chronic or genetic 
disorder, taking any medications, or with a 
history of blood transfusion for any reason 
were not included. This study was approved 
by the ethics committee of Gazi University 
Faculty of Medicine (No: 162, Date: 24.03.2014) 
and supported by Gazi University Faculty of 
Medicine Research Fund (DA, 01/2014-19). 
The parents of the children were informed 
about the study and all gave informed consent 
prior to their children’s involvement. Detailed 
questionnaire forms were completed by the 
parents, and included age, height, weight, 
education, cigarette smoking and ETS exposure, 
recent diagnostic X-ray examination (yes/no; 
within 3 months prior to the sampling), use of 
vitamins (e.g., multivitamin, folate, vitamins B 
and C), viral infections (e.g., varicella, mumps) 
over the previous 2 years, recent vaccination in 
the previous year, and physical activity of the 
children. 

Biological sampling 

Biological sampling for both the patient and 
control groups was completed simultaneously 
between July 2014 and December 2015. Blood 
samples were collected by two certified 
phlebotomists by venipuncture to use in 
the analysis of hematological parameters, 
biochemical parameters, oxidative status tests, 
and DNA damage endpoint. In all subjects, 
hematological parameters of CBC, body iron 
status (iron, iron binding capacity, and ferritin 
levels), and hemoglobin electrophoresis as 
routine thalassemia diagnostic tests and 
biochemical parameters of serum vitamin 
B12, folate and C-reactive protein (CRP) 
were studied. Automated blood counts were 
performed using a Coulter (LH 780 Hematology 
Analyzer by Beckman Coulter), and all samples 
were analyzed on the Bio-Rad Variant TM II high 
performance liquid chromatography (HPLC) 

system. Remaining biochemical parameters 
were analyzed using a hormone analyzer and 
chemiluminescent immunoassay (Immulite 
1000 apparatus [Siemens Health Diagnostics, 
U.S.]). For analysis of total oxidative status 
(TOS) and total antioxidant capacity (TAC), 
as oxidative status parameters, serum was 
separated by centrifugation for 10 min at 
4500 rpm and stored at -80°C until analysis. 
The levels of TOS and TAC were determined 
using a commercially available kit (Rel Assay 
Diagnostics, Gaziantep, Turkey). The results 
were expressed as mmol Trolox Eqv./L and 
H2O2 Eqv./L, respectively. The levels of vitamins 
C and E, as antioxidative capacity tests, were 
measured using commercially available kits 
(Human Vitamin C, VC ELISA Kit [Cat no: 
CSB-E08090h] and Human Vitamin E,VE 
ELISA Kit [Cat no: CSB-E07893h], respectively). 
The results were expressed as ng/mL and 
mmol/mL, respectively. Blood samples in 
heparin-containing tubes were delivered to the 
laboratory within the same day for genotoxicity 
testing by comet assay. 

Comet assay 

The alkaline comet assay was performed on 
the day of sampling according to Singh et 
al. with slight modifications.32 Lymphocytes 
from 2 mL heparinized whole blood were 
isolated by density gradient centrifugation 
using Biocoll (AG Biochrom, Berlin, Germany). 
Lymphocytes were suspended in 100 μL of 
0.65% low melting-point agarose (LMA) at 
37°C, and 200 μL of mixture was layered onto 
a microscope slide precoated with 0.65% high 
melting–point agarose (HMA). The slide was 
immediately covered with a coverslip, and the 
agarose was allowed to solidify for 5 min on ice. 
Two gels were prepared for each sample. After 
removal of coverslips, the slides were immersed 
in light-protected cold lysing solution (89% 
lysing buffer [2.5 M NaCl, 0.1 M Na2EDTA, 10 
mM Tris-HCl; pH 10], 1% Triton X-100, 10% 
dimethylsulfoxide) overnight at 4°C for lysis. 
Slides were pretreated for 20 min in freshly 
prepared electrophoresis buffer (0.3 M NaOH, 



Menderes D, et al Turk J Pediatr 2025; 67(1) : 39-50

The Turkish Journal of Pediatrics ▪ January-February  202542

1 mM Na2EDTA: pH 13) for unwinding, then 
exposed to 25 V and 300 mA for 20 min at 4°C 
(Thermo EC250-90). The slides were neutralized 
three times for 5 min in the neutralizing buffer 
(0.4 M Tris-HCl: pH 7.5). The gels were then 
stained with 50 μL ethidium bromide (20 μg/
mL), and 50 cells per slide were scored by 
use of the Comet Assay III image-analysis 
system (Perceptive Instruments, UK) with a 
fluorescence microscope (Zeiss Axioscope, 
Germany). Tail intensity (TI) (percent DNA in 
the tail) was chosen as the measure of DNA 
damage.

All parameters were compared between the 
patient and control groups. The patient group 
was further divided into age subgroups (<5 
years [n=68, 48%], 5-10 years [n=60, 42%], >10 
years [n=14, 10%]), and TI values were compared 
within these subgroups. A similar analysis was 
conducted for the control group.

Statistical analysis

The Statistical Package for the Social Sciences 
version 22.0 for Windows (SPSS, Inc., Chicago, 
IL, USA) was used in the analysis of the data. 
Receiver operating characteristic (ROC) curve 
analysis was used for determining the optimal 
cut-off value of age for discrimination between 
the β-Tm and control groups. Independent 
samples t-test was used to compare two 
independent groups (β-Tm and controls) for 
normally distributed variables, and Mann–
Whitney U test was used for comparison of 
non-normally distributed variables. Pearson 
chi-square test was used to compare the two 
groups (β-Tm and controls) for differences 
in categorical variables. Arithmetic mean, 
standard deviation, median, and minimum-
maximum values were given as descriptive 
statistics for quantitative data. Qualitative 
data were summarized using frequency and 
percentages. A p value of less than 0.05 was 

considered to indicate a statistically significant 
difference.

Results

Some general characteristics of the study 
population are shown in Table I. The groups 
were similar according to gender, body mass 
index (BMI), ETS exposure, viral infections 
over the previous 2 years, the frequency of use 
of vitamins, vaccination in the year prior, and 
X-ray exposure in 3 months prior (p>0.05 for all, 
Table I). Although the age range was similar, 
the mean age in the control group was found to 
be higher than that in the β-Tm group (8.2±3.4 
versus 6.0±3.6 years, respectively) (p<0.05, 
Table I). The β-Tm group was further divided 
into 2 age groups according to ROC curve (≤7 
years and >7 years) to determine any potential 
confounding effect of age on the baseline 
parameters. However, comparison of the age 
groups showed similar results, excluding an 
effect of age on these parameters.

Hematological and biochemical parameters of 
the groups are shown in Table II. Red cell indices 
of Hb, MCV, MCH, red cell distribution width 
(RDW), RBC and HbA2 level were significantly 
different between healthy controls and β-Tm 
children (p<0.05 for all, Table II). With regard to 
biochemical parameters including serum iron, 
transferrin saturation, serum ferritin, vitamin 
B12, folate, and CRP, β-Tm children and 
controls were similar (p>0.05 for all, Table II). 
According to oxidative status tests of TOS, TAC, 
and serum levels of vitamins C and E, the β-Tm 
group and control group were similar (p>0.05 
for all, Table II).

In the comet assay, TI showed no statistically 
significant difference between the β-Tm 
(n=142) and control groups (n=113) (median 
[min-max], 6.5 [2.6-31.8] versus 6.7 [1.7-40.9], 
respectively) (p=0.551, Fig. 1A). Similarly, TI 
was not significantly different between the 
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Table II. Descriptive statistics of hematological, biochemical, and oxidative status parameters in the patient and 
control groups.

β-thalassemia minor Control 
P value  

Median (min-max) Median (min-max)
Hb (g/dL) 11.6 (8.1-14.7) 13.0 (10.2-17.0) <0.001
MCV (fL) 65.0 (53.4-79.8) 83.0 (57.9-89.7) <0.001
RBC (x106/L) 5.5 (4.4-7.1)  4.7 (4.0-6.2) <0.001
RDW (%) 15.8 (12.2-30.9) 13.2 (11.8-16.4) <0.001
MCH (pg) 20.8 (16.2-27.2) 28.0 (18.4-30.1) <0.001
Hb A2 (%) 3.5 (2.1-8.7) 3.0 (2.0-6.0) <0.001
Ferritin (ng/mL) 33.4 (7.8-223.7) 34.5 (10.4-149.3) >0.05
Transferrin saturation (%) 26.3 (3.4-104.2) 26.8 (6.8-106.1) >0.05
C-reactive protein (mg/L) 1.9 (0.3-12.7) 2.0   (1.0-16.6) >0.05
Vitamin B12 (pg/mL) 396.0 (117.3-1208.0) 364.5 (166.2-1240.0) >0.05
Folate (ng/mL) 11.2 (4.9-80.0) 11.2 (4.9-48.7) >0.05
TAC (mmol/L) 2.2 (0.2-4.0) 2.2 (0.2-4.2) >0.05
TOS (μmol/L) 6.4 (1.3-51.1) 6.6 (0.3-67.0) >0.05
Vitamin C (ng/mL) 63.2 (6.4-313.9) 69.4 (9.7-312.1) >0.05
Vitamin E (nmol/ml) 30.9 (10.3-130.3) 37.7 (10.4-128.9) >0.05

Aritmetic Mean Std. deviation Aritmetic Mean Std. deviation
Iron (μg/dL) 77.4 30.6 85.2 32.5 >0.05
Hb: hemoglobin, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, RBC: red blood cell, RDW: red 
celrl distribution width, TAC: total antioxidant capacity, TOS: total oxidative status. Independent samples t-test was used to 
compare two independent groups that are β-thalassemia minor and control for serum iron, and Mann–Whitney U test was 
used for comparison for other variables.

Table I. General characteristics of the patient and control groups.
β-thalassemia minor Control P value

Age (mean±SD)     6.0±3.6 8.2±3.4 <0.05
Gender 

Male, n (%) 73.0 (51.4) 50.0 (44.2) >0.05
Female, n (%) 69.0 (48.6) 63.0 (55.8) >0.05

BMI (mean±SD) 17.1±3.3 17.2±3.2 >0.05
ETS exposure, n (%) 25.0 (17.6) 24.0 (21.2) >0.05
Viral infection, n (%) 7.0 (5.0) 6.0 (5.3) >0.05
Use of vitamin, n (%) 8.0 (5.7) 3.0 (2.7) >0.05
Vaccination, n (%) 55.0 (39.0) 26.0 (23.0) >0.05
X-ray exposure, n (%) 29.0 (20.4) 24.0 (21.2) >0.05
BMI: body mass index, ETS: enviromental tobacco smoke, SD: standard deviation. For comparisons, Mann Whitney U test, 
Pearson chi square and Fisher’s excact tests were used. Differences were accepted as statistically significant at a p value of 
<0.05.
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β-Tm children (n=34) and their healthy siblings 
(n=34) (median [min-max]; 5.8 [2.6-11.3] versus 
6.2 [2.9-12.4], respectively) (p=0.655, Fig. 1B). 
After further dividing the β-Tm group into 
three subgroups (<5 years [n=68, 48%], 5-10 
years [n=60, 42%], >10 years [n=14, 10%]), TI 
was not significantly different among age 
subgroups, but a gradual increase by age was 
observed (median [min-max]; 6.1 [2.6-12.0], 
7.1 [2.8-31.8], and 7.3 [4.0-11.9], respectively) 
(p=0.064 for all) (Fig. 1C). A similar increase was 
observed when the control group was divided 
into age subgroups, and this increase was also 
not statistically significant (median [min-max]; 
6.2 [1.7-9.0], 6.3 [2.8-40.9], and 6.9 [3.1-12.3], 
respectively) (p >0.05 for all). The increased rate 
of TI in β-Tm group was higher than that in the 
control group.

Hb levels did not exhibit a significant correlation 
with TI or oxidative status parameters (TOS, 
TAC, vitamins C and E) (p>0.05 for all).

Discussion

Hemoglobinopathies, including thalassemia and 
SCD, are genetic disorders affecting hemoglobin 
structure or synthesis. In severe forms, such as 
transfusion-dependent thalassemia, chronic 
hypoxia due to anemia and iron overload from 
transfusions contribute to oxidative stress and 
subsequent DNA damage. This cumulative 
oxidative stress is a key mechanism underlying 
genotoxicity in these conditions.5-7,10,33-39 
Although β-Tm is the silent form of the disorder, 
β-Tm individuals have also been shown to 
be at a risk of oxidative stress generated from 
unpaired globin chains.40-43 In addition, lower 
antioxidative capacity has been shown in 
heterozygotes.44,45 Though the oxidative stress-
related DNA status in heterozygotes is as yet 
unknown. By investigating DNA damage in 
children with β-Tm, the present study might 
help enlighten this. To our knowldge, to date 
only two genotoxicity studies have examined 
DNA damage status in β-Tm. In both studies, 
adult subjects were assessed, the sample size 
was small, and none or only a few biochemical 

Fig. 1. Box plots showing the DNA damage measured 
by comet assay in lymphocytes. A) The results of beta 
thalassemia minor children and of controls. B) The 
results of beta thalassemia minor children and of 
their healthy siblings. C) The results of age subtypes 
of beta thalassemia minor group.
* β-Thalassemia minor group (n=142) vs control group 
(n=113).
• β-Thalassemia minor patients (n=34) vs their healthy 
siblings (n=34).
+Among age groups of β-thalassemia minor children (<5 
years [n=68, 48%), 5-10 years [n=60, 42%], >10 years [n=14, 
10%]).
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parameters were studied. In the study by Al-
Sweedan et al., for example, only 18 individuals 
were assessed. No parameter in the study by 
Krishnaja et al. and only a single parameter in 
the study by Al-Sweedan et al. (8-hydroxy-2’-
deoxyguanosine [8-OHdG] level in urine, as 
oxidative stress parameter) was studied.12,17 Our 
study was carried out in a large population of 
children enabling appropriate statistical analysis 
using comet assay, and was strengthened by 
the use of several biochemical parameters. In 
addition, unlike in the previous two studies, 
our control group included healthy siblings of 
the subjects. Comet assay is widely used for 
genotoxicity assessment in various disorders 
and particularly in transfusion-dependent 
thalassemia.5,6,28,32-37 However, to date, it has not 
been used for genotoxicity assessment in Tm 
individuals. Considering these factors together, 
our study design is unique, with no comparison 
in the literature.

In this study, children with similar demographic 
features, socioeconomic conditions and habits 
were enrolled in the β-Tm and control groups. 
Although the mean age was found to be 
higher in the control group, further evaluation 
after controlling for the effect of age on other 
variables revealed no additional influennce on 
the results. It can, therefore, be said that the 
only distinctive feature between the patient 
and control groups was the presence of β-Tm. 
As a natural consequence, erythrocyte indices 
and HbA2 levels were significantly different 
between the groups, which also served the 
purpose of distinguishing the heterozygotes 
and healthy children. In children with β-Tm, 
a disorder characterized with hypochromic 
microcytic anemia, red cell indices of Hb, MCV 
and MCH were lower, and RBC and HbA2 
levels, as expected, were higher.

Iron, folate and vitamin B12 have a povital role 
in maintaining healthy cell division and DNA 
synthesis. Deficiencies of these micronutrients 
inhibit purine and thymidylate synthesis.46,47 
Impaired DNA synthesis can cause genomic 
instability, some of which may give rise to 
cancer. Results of studies investigating the 

levels of serum iron, folate, and vitamin B12 
in heterozygotes have been inconsistent.44,48-51 
Despite their certain effect on DNA synthesis 
and uncertain levels in heterozygotes, these 
micronutrients were not measured in the two 
previous studies investigating DNA damage 
in β-Tm. In our study, the levels of folate and 
vitamin B12 were assessed and found to be within 
normal limits. In all studies investigating DNA 
damage in patients with transfusion-dependent 
thalassemia, iron was measured because of its 
genotoxic effect when accumulated.5,6 Our study 
population, however, consisted of subjects with 
transfusion-free Tm. We measured serum iron 
as part of the diagnostic tests and because its 
deficiency might affect DNA synthesis. Our 
results with regard to all parameters of body 
iron status were similar with those of the 
controls and were within normal limits. The 
results for CRP, a marker for inflammation 
and infection commonly used in genotoxicity 
studies, were within normal limits and similar 
to those of the controls.52,53

Oxidative stress plays a pathological role in 
the development of various diseases, including 
cancer. Systemic oxidative stress results from 
an imbalance between oxidant derivatives 
production and antioxidants defenses. In β-Tm, 
there is an unbalanced globin chain synthesis, 
which results in excess α-globin chains in 
erythrocytes. This has been shown to generate 
ROS, which put the patients at a high risk of 
oxidative stress.40-42,44,45 In addition, it has been 
shown that heterozygotes have increased non-
heme iron content of erythrocytes.54 Non-heme 
iron can inhibit the action of various cytoplasmic 
enzymes, thereby altering cellular homeostasis. 
Thus, the cell experiences oxidative stress and 
possibly significant protein degradation and 
lipid peroxidation in the cell membrane.55 
Increased oxidative stress in heterozygotes 
may hypothetically be exacerbated by a 
decreased level of natural antioxidants, which 
was previously documented.37 Antioxidant 
defense can be evaluated by measurement of 
either individual antioxidant levels in cell and 
serum or TAC. In our study, oxidative stress 
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was double-checked by testing both oxidants 
(measured as TOS) and antioxidants defenses 
(by measurement of the individual antioxidant 
levels of vitamins C and E in serum and also 
the TAC), and the results were found to be 
similar in heterozygotes and healthy controls. 
Those measurements were not taken in the two 
previous studies. In the study by Al-Sweedan et 
al., the observation of increased DNA damage 
was speculated to be related with the lower 
serum levels of these vitamins in heterozygotes; 
however, vitamin levels in their study were 
estimated based on literature knowledge and 
not measured directly.17 In our study, serum 
levels of vitamins C and E were measured and 
were not found to be significantly different 
from those in controls, probably due to our 
selection of the subjects and controls from the 
same environment and/or family (Table II).

Genotoxicity refers to all types of alterations in 
DNA sequence, and genotoxic events have been 
known to be a critical step in the initiation of 
cancer.21,25,27 The assessment of cancer risk using 
genotoxicity assays is of utmost importance. 
Patients with TM and SCD have an increased 
risk of cancer compared to the general 
population. While the underlying mechanisms 
of cancer development in these patients are not 
fully understood and are likely multifactorial, 
disease-related DNA damage is a highly 
probable contributing factor.56-60 Among the 
various methods employed in the estimation 
of DNA damage, the comet assay used in 
our study is proven to be a relatively simple, 
effective and versatile tool, and is a validated 
biomarker assay.28,31,32 With regard to DNA 
damage, we found no significant difference 
between the β-Tm and control groups (Fig. 1A). 
Further, there was no significant difference in 
DNA damage between the β-Tm children and 
their healthy siblings (Fig. 1B). However, after 
further dividing the β-Tm group into three age 
subgroups, TI was found to gradually increase 
with age. The most striking finding was that the 
control group had a higher mean age compared 
to the β-Tm group, and healthy siblings had a 
higher mean age than β-Tm children. Moreover, 

the TI value increased with advancing age in 
all age subgroups of the control group. These 
findings suggest that age has an impact on the 
TI value. Interestingly, the age-related increase 
in TI value was more rapid in β-Tm children 
compared to the control group. Although 
carrier children initially had numerically 
lower TI values than controls, they increased 
more rapidly within the same age range, even 
surpassing control TI values. These results 
indicate that while age has an increasing effect 
on the TI value, environmental factors may exert 
a more pronounced influence in the context 
of β-Tm. This supports the notion that β-Tm 
children should be monitored at appropriate 
intervals throughout adulthood and protected 
against certain risks.

In the two previous studies, micronuclei 
frequency in lymphocytes and chromosomal 
aberrations, sister chromatid exchanges and 
8-OHdG assays were used to investigate DNA 
damage in adult heterozygous subjects.12,17 Thus, 
we cannot compare our study with these except 
for the fact that subjects were β-Tm individuals. 
In both studies, increased DNA damage was 
found in heterozygotes compared to healthy 
controls. The most likely explanation is age. 
Although there were several disadvantages 
regarding their study design, particularly their 
small population size, it may be speculated that 
the age factor and its related conditions (e.g., 
cigarette smoking, alcohol consumption, and 
environmental and occupational factors) might 
have contributed to the potential genotoxicity 
in adult subjects with Tm and augmented it to 
a detectable level. In accordance, the division 
of our β-Tm group into three groups according 
to age revealed numerical differences in DNA 
damage among the subgroups, suggesting that 
reassessment beyond the pediatric age range 
is necessary. A more severe effect of some 
mutations might also be responsible for the 
different results.61

The micronucleus (MN) assay in a thesis study 
investigating DNA damage in children with 
β-Tm found similar levels of genotoxicity, 
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cytotoxicity, and oxidative stress parameters 
compared to controls. However, β-Tm children 
had a higher frequency of MN values above 
the cut-off level (39.2% vs. 21.6% in controls, 
p<0.05).62 This result obtained with a method 
that shows DNA damage at the cytome level, 
as in the comet assay, suggests a potential effect 
of β-Tm on DNA damage and emphasizes the 
need for monitoring carrier children.

Our study benefits from a substantial sample 
size and the evaluation of multiple factors linked 
to DNA damage. Additionally, we included a 
significant number of unaffected siblings in the 
control group. However, we were unable to 
measure intracellular vitamin levels and did not 
follow up on TI parameters in adulthood, which 
are our limitations. 

In conclusion, our study, the first to our 
knowledge to investigate DNA damage in a 
large pediatric population with β-Tm using the 
comet assay, found no significant differences 
in DNA damage levels between β-Tm patients 
and healthy controls, nor between siblings with 
and without β-Tm. However, TI, a marker of 
DNA damage, increased more rapidly with age 
in β-Tm patients compared to healthy controls. 
These findings suggest that regular monitoring 
of DNA damage in β-Tm patients throughout 
childhood and adulthood, along with examining 
the relationship between TI and age-related risk 
factors, could provide valuable insights. Future 
studies employing diverse genotoxicity testing 
methods may help to further clarify the status 
of DNA damage in β-thalassemia.
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