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ABSTRACT
Objective: Iron is an element, which is found in the structure of antioxidant enzymes and has an important role in 
the inactivation of reactive oxygen species. Disruption of oxidant-antioxidant balance may be playing a role in the 
pathogenesis of iron deficiency anemia (IDA). Dynamic thiol-disulfide homeostasis (DTDH) and serum ischemia-modified 
albumin (IMA) levels are important indicators of pro-oxidant/antioxidant status. In this study, we aimed to evaluate DTDH 
parameters and serum IMA levels in children with newly diagnosed IDA, who did not receive iron therapy.
Material and Methods: Fifty patients diagnosed with IDA and 33 healthy age- and sex-matched control patients 
were included in the study. DTDH parameters and IMA levels of the patients and control groups were measured. The 
same parameters were also compared in patients with Hb<7 g/dl (profound IDA) (n:14/50, 28%) and Hb≥7 g/dl (mild-
moderate IDA) (n: 36/50, 72%) in the IDA group. The relationship between DTDH parameters in these groups were 
investigated.
Results: Native thiol, total thiol, native thiol/total thiol levels, constituting antioxidant capacity indicators, were found 
to be significantly lower in IDA patients; while oxidant disulfide, disulfide/native thiol, disulfide/total thiol, and IMA levels 
were found to be statistically higher compared to those in the control group (p<0.050). When DTDH parameters and 
IMA levels were examined; there was a positive correlation between antioxidant parameters and a negative correlation 
between oxidative parameters with hemoglobin and ferritin levels (p<0.050). Also, oxidative parameters were found to 
be much higher in profound IDA group than in the group with Hb>7 g/dl (p<0.050).
Conclusion: In this study, increase in serum disulfide and IMA levels with the decrease in serum native thiol and total 
thiol levels indicated oxidative stress in IDA patients before treatment, compared to the control group. Evaluation of these 
indicators in children is important in predicting the toxicity due to IDA.
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(DTDH). Dynamic thiol-disulfide homeostasis is one of the 
most important indicators of the oxidant/antioxidant status in 
the body. Thiol-disulfide balance measurements are used to 
evaluate native thiol (-SH), disulfide (-SS), total thiol [(-SH)+(-
SS)] levels and dynamic thiol-disulfide (-SH/-SS) homeostasis 
(10). Ischemia-modified albumin (IMA) is an altered form of 
albumin, characterized by decreased cobalt-binding affinity, 
mainly occurring in ischemic conditions and due to free radical 
damage. It has been shown that there is an increase in IMA 
levels in cases of oxidative damage (11).

Evaluation of thiol-disulfide homeostasis and IMA levels in IDA-
related oxidative damage in children, can predict future toxic 
effects and indicates the importance of early diagnosis and 
appropriate treatment. Therefore, in our study, we aimed to 
evaluate thiol-disulfide homeostasis and serum IMA levels in 
patients with newly diagnosed IDA, who had not received iron 
therapy.

MATERIALS and METHODS

The study was conducted between June 2020 and January 
2021 at Dr. Sami Ulus Maternity Child Health and Diseases 
Training and Research Hospital, Department of Pediatric 
Hematology and Oncology, Ankara, Turkey. Fifty patients, 
diagnosed with IDA and 33 healthy age- and sex-matched 
control group patients were included. The patients and control 
group did not have any acute or chronic diseases or medication 
use during the evaluation. The diagnosis of IDA (with Hb value 
below -2SD according to age group and ferritin below 12 ng/
ml) was made by evaluating the patients’ complete blood count 
and iron parameters. In addition, patients in the IDA group 
were divided according to their hemoglobin levels as Hb<7g/dl 
(profound IDA) (n:14/50, 28%) and Hb≥7 g/dl (mild-moderate 
IDA) (n:36/50, 72%). Dynamic thiol-disulfide homeostasis 

INTRODUCTION

Iron deficiency (ID) is the most common nutritional deficiency 
globally, especially in developing countries. Iron deficiency 
anemia (IDA) is a condition that develops with a decrease in 
red blood cell mass or hemoglobin (Hb) amount, depending on 
ID. This clinical manifestation may occur due to increased iron 
requirement, malabsorption or chronic blood loss. In children, it 
is mostly detected during infancy and school-age, when rapid 
growth occurs, or in adolescence due to menstrual bleeding in 
girls (1).

Iron is an element that has an important role as catalyst for 
enzymes, involved in energy production, electron transport 
chain, inactivation of reactive oxygen species (ROS), 
deoxyribonucleic acid (DNA), ribonucleic acid (RNA) production 
and protein synthesis (2). The production of hemoglobin and 
other iron-containing proteins such as cytochrome, myoglobin, 
catalase and peroxidase is also affected in ID (3,4). In addition, 
studies have shown decreases in concentrations and activities 
of antioxidant enzymes such as glutathione peroxidase (GSH-
Px), catalase (CAT) and superoxide dismutase (SOD) in patients 
with IDA, thus reducing the total antioxidant capacity (TAC) 
(5,6).

It is thought that oxidative stress increases with the elevation in 
pro-oxidant levels or decrease in antioxidant enzyme capacities 
in IDA. Due to oxidative stress, the loss of balance between free 
radicals or ROS production and the antioxidant system leads to 
deterioration in molecular and cellular functions (7,8). Thiols, a 
group of organic sulfur compounds, occupy an important place 
in the antioxidant system and protect the organism against the 
harmful effects of ROS by coordinating the antioxidant defense 
(9). Oxygen radicals, ROS and thiol groups are oxidized to form 
reversible disulfide bonds. The disulfide bonds are reduced back 
to thiol groups, ensuring dynamic thiol-disulfide homeostasis 

ÖZ
Amaç: Demir, antioksidan enzimlerin yapısında bulunan ve reaktif oksijen türlerinin inaktivasyonunda önemli rolü olan bir elementtir. Oksidan-
antioksidan dengenin bozulması demir eksikliği anemisinin (DEA) patogenezinde rol oynuyor olabilir. Dinamik tiyol-disülfid homeostazisi 
(DTDH) ve serum iskemi modifiye albümin (IMA) seviyeleri prooksidan/antioksidan durumun önemli göstergeleridir. Bu çalışmada, demir 
tedavisi almayan, yeni tanı almış demir eksikliği anemisi olan çocuklarda DTDH parametreleri ve serum İMA düzeylerini değerlendirmeyi 
amaçladık.
Gereç ve Yöntemler: Demir eksikliği tanısı almış 50 hasta ile yaş ve cinsiyet açısından uyumlu 33 sağlıklı kontrol çalışmaya dahil edildi. 
Hasta ve kontrol gruplarının DTDH parametreleri ve İMA düzeyleri ölçüldü. Aynı parametreler, Hb<7 g/dl (derin DEA) (n:14/50, %28) ve 
Hb≥7 g/dl (hafif-orta DEA) (n:36/50, %72) olan DEA grubundaki hastalarda da karşılaştırıldı. Bu gruplarda DTDH parametreleri arasındaki 
ilişki araştırıldı.
Bulgular: Antioksidan kapasite göstergelerini oluşturan nativ tiyol, total tiyol, nativ tiyol/total tiyol seviyeleri DEA hastalarında anlamlı olarak 
daha düşük bulunurken; oksidan disülfid, disülfid/nativ tiyol, disülfid/total tiyol ve İMA seviyeleri kontrol grubundakilere göre istatistiksel olarak 
anlamlı daha yüksek bulundu (p<0.050). Dinamik tiyol-disülfid homeostazisi parametreleri ve IMA seviyeleri incelendiğinde; hemoglobin ve 
ferritin seviyeleri ile antioksidan parametreler arasında pozitif bir korelasyon ve oksidatif parametreler arasında negatif bir korelasyon vardı 
(p<0.050). Ayrıca derin DEA grubunda oksidatif parametreler, Hb>7 g/dl olan gruba göre çok daha yüksek bulundu (p<0.050).
Sonuç: Bu çalışmada, DEA hastalarında tedavi öncesi kontrol grubuna göre serum nativ tiyol ve total tiyol düzeylerindeki düşüşle birlikte 
serum disülfid ve IMA düzeylerindeki artış oksidatif strese işaret etti. Çocuklarda bu göstergelerin değerlendirilmesi DEA’ya bağlı toksisiteyi 
öngermede önemlidir.
Anahtar Sözcükler: Hemoglobin, Demir eksikliği anemisi, İskemi modifiye albümin, Oksidatif hasar, Tiyol-disülfid 
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parameters and IMA levels of the patients and control group 
were measured. 

The study was conducted in accordance with the principles 
of the Declaration of Helsinki. The Hospital’s Clinical Research 
Ethics Committee approved the study (numbered 18.03.2021, 
E-21/03-135). Informed consent was obtained from all 
participants and their parents.

Peripheral venous blood samples were taken to measure 
complete blood count, ferritin, DTDH parameters and IMA 
levels. To measure DTDH parameters and IMA levels, additional 
3 ml samples were taken from blood samples, taken from 
children with IDA and the control group, during their routine 
controls.

Collected blood samples were centrifuged at 3600 rpm for 10 
minutes in the biochemistry laboratory and stored at -80°C. 
After completion of sample collection, all of them were thawed 
simultaneously and studied on a Roche Hitachi Cobas c501 
automatic analyzer, usinga new spectrophotometric method 
defined by Erel and Neşelioğlu (10). Accordingly, disulfide 
bonds (SS) were reduced to free thiol groups (SH) with sodium 
borohydride. Total thiol (SH + SS) amount was measured using 
5,5’-dithiobis-(2 nitrobenzoic) acid. Half the difference between 
total thiol and native thiol provided the dynamic disulfide 
amount. After measuring these levels, the percentage ratios of 
disulfide/native thiol (SS/SH), disulfide/total thiol (SS/SH+SS), 
and native thiol/total thiol (SH/SH+SS) were calculated. IMA 
was measured by a colorimetric method developed by Bar-Or 
et al. (12), based on the measurement of unbound cobalt after 
incubation with patient serum, and the results were reported in 
absorbance units (ABSU). Serum ferritin level was measured 
by immunoassay on Advia Centaur XPT analyzer (Siemens 
IRL08191533).

Statistical Analysis

Statistical analyses were performed using the SPSS software 
version 20. Frequency and percentage values were calculated 
with the Kolmogorov-Smirnov test for categorical variables; 
mean±standard deviation (SD), median, minimum and 
maximum values were calculated for continuous variables. The 
significance of the difference between groups was evaluated 
using Student’s t-test or Mann-Whitney U test. Nominal 
variables were compared using Pearson Chi-Square or Fisher’s 
exact probability test. While investigating the associations 
between non-normally distributed and/or ordinal variables, the 
correlation coefficients and their significance were calculated 
using the Spearman test. p<0.050 values were considered 
statistically significant.

RESULTS

Fifty patients diagnosed with IDA and 33 healthy controls were 
included in the study. Twenty one (42%) of the patients in the 
study group and 18 (54%) of the control group were female. 

While the mean age of the patients was 3.7±2.6 years in the 
study group, it was 3.7±1.2 years in the control group. There 
was no significant difference between the two groups regarding 

Table I: Comparison of the demographical characteristics 
and hematological parameters of children with IDA and 
control group.

IDA* (n=50) Controls (n=33) p 
Gender:
Female/Male 21 / 29 18 / 15 0.262

Age (year) 3.7±2.6 3.7±1.2 0.969
Hemoglobin (Hb) 
(g/dL) 8.95±1.84 12.57±0.85 <0.001

Hematocrit (Hct) 
(%) 29.63±4.17 41.81±2.15 <0.001

Mean Corpuscular  
Volume (MCV) (fL) 62.87±7.43 83.81±1.60 <0.001

Red blood cell 
(RBC) (x1012/L) 4.21±0.19 4.90±0.13 <0.001

(Red Cell 
Distribution Width 
(RDW) (%)

17.54±1.54 12.12±1.08 <0.001

Platelet count 
(×103/μL) 375.80±84.77 265.87±54.69 <0.001

Ferritin (ng/mL) 4.59±3.15 30.90±12.07 <0.001
*IDA: Iron deficiency anemia

Table II: Comparison of DTDH parameters and IMA levels 
of children with IDA and control group

IDA* 
(n=50)

Control group
 (n=33) p 

Native thiol (μmol/L) 430.07±63.02 476.58±38.36 <0.001
Total thiol (μmol/L) 451.23±59.80 489.41±42.31 <0.001
Disulphide (μmol/L) 11.74±6.0 6.10±4.30 <0.001
Disulphide/native thiol† 2.81±1.97 1.33±1.01 <0.001
Disulphide/total thiol† 2.61±1.65 1.27±0.94 <0.001
Native thiol/total thiol† 95.11±3.36 97.44±1.89 <0.001
Ischemia modified 
albumin (IMA) (ABSU) 0.79±0.29 0.57±0.20 <0.001

*IDA: Iron deficiency anemia, †:(%)

Table III: Comparison of DTDH parameters and IMA levels 
of children with profound IDA (Hb below 7 g/dL) and Mild-
moderate IDA (Hb above 7 g/dL) groups.

Profound IDA* 
group 

(n=14/50, %28)

Mild-moderate IDA* 
group 

(n=36/50, %72)
p

Native thiol (μmol/L) 426.53±57.34 431.44±65.81 0.503
Total thiol (μmol/L) 448.58±57.46 452.26±61.45 0.574
Disulphide (μmol/L) 15.17±4.95 10.41±5.85 0.004
Disulphide/native thiol† 3.27±1.34 2.63±2.16 0.036
Disulphide/total thiol† 3.08±1.21 2.43±1.77 0.034
Native thiol/total thiol† 95.03±2.93 95.14±3.55 0.635
Ischemia modified 
albumin (IMA) (ABSU) 0.79±0.20 0.80±0.32 0.738

*IDA: Iron deficiency anemia, †: (%)
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DISCUSSION

Iron is an element that is essential for human life. It is found in the 
structure of Hb, which provides oxygen transport in the body, 
participates in the structure of enzyme systems in some tissues 
and ensures the complementation of iron-related functions (1). 

Iron deficiency anemia, which is very common in the world and 
especially in developing countries, occurs with the decrease 
in the amount of Hb as a result of ID. Since ID is a systemic 
disease that affects all bodily functions, many complications 
such as growth retardation, neurocognitive deficiencies, 
impaired immune system and learning disabilities can occur. 
Especially in childhood, oxidative damage in IDA may contribute 
to deterioration in neurocognitive functions (13,14). Therefore, 
understanding the pathogenesis, early detection and prevention 
of IDA are important in terms of child health (15,16).

In oxidative stress caused by increased free radicals and ROS, 
the oxidant-antioxidant balance is disrupted in favor of oxidation. 
Membrane changes and damage to erythrocytes due to ROS-
induced oxidative stress, have been demonstrated (17). Several 
studies have reported that the concentrations and activities of 
antioxidant enzymes such as glutathione peroxidase (GSH-Px), 
catalase (CAT) and superoxide dismutase (SOD) decreased 
and oxidant stress increased in IDA (18, 19). Aycicek et al. (20), 
have found that total oxidant status (TOS) and oxidative stress 
index (OSI) were higher in patients with IDA, while total thiol (–
SH) and total antioxidant capacity (TAC) levels were lower than 
in the control group. Similarly, Akça et al. (21), have reported 
that oxidative stress parameters increased in children with IDA. 
In addition, Akarsu et al. (22), have stated that in IDA, the total 
antioxidant capacity measurements were low.

Dynamic thiol-disulfide homeostasis is one of the indicators, 
playing an important role in intracellular signal transduction, 
apoptosis, and many antioxidant and enzyme activities (9). 
Topal et al. (23), have reported that disulfide, disulfide/native 
thiol, and disulfide/total thiol levels were significantly higher 
in the IDA group. Consistent with previous reports, in our 
study, we found that DTDH parameters of native thiol, total 
thiol, native thiol/total thiol levels showing antioxidant capacity 

gender distribution and age (p >0.050). The study group had 
significantly lower Hb, hematocrit (Hct), mean corpuscular 
volume (MCV), red blood cell (RBC) counts, ferritin levels and 
higher red cell distribution width (RDW) and platelet levels 
compared to the control group. Demographic characteristics 
and hematological parameters of patients and the control 
group are presented in Table I.

Antioxidant capacity indicators of native thiol, total thiol, native 
thiol/total thiol levels were significantly lower in IDA patients than 
in controls. In contrast, oxidant disulfide, disulfide/native thiol, 
disulfide/total thiol and IMA levels were found to be statistically 
significantly higher (p<0.050) in IDA patients (Table II). In addition, 
when oxidative stress markers were evaluated in patients with 
profound anemia with Hb below 7 g/dL and patients with IDA 
with Hb above 7 g/dL; disulfide, disulfide/native thiol, disulfide/
total thiol levels were found to be statistically significantly higher 
in patients with profound anemia, but no significant difference 
was found in terms of IMA levels (p=0.004; p=0.036; p=0.034; 
p=0.738, respectively) (Table III).

There was a weak negative correlation between disulfide, 
disulfide/native thiol, disulfide/total thiol and IMA levels with 
serum hemoglobin levels. However, there was a moderate-
weak positive correlation between native thiol and weak 
positive correlation between total thiol, native thiol/total thiol 
with serum hemoglobin levels. Also, these relationships were 
statistically significant (p<0.050). When correlation analyses 
were performed between ferritin levels and these parameters; 
a moderate-weak negative correlation between disulfide and 
IMA, and weak negative correlation between disulfide/native 
thiol, disulfide/total thiol were found. Also, a weak positive 
correlation between native thiol, total thiol, and native thiol/total 
thiol were found. This relationship was statistically significant, as 
well (p<0.050). Moreover, there was a weak negative correlation 
between native thiol, total thiol, native thiol/total thiol, and a 
weak positive correlation between disulfide, disulfide/native 
thiol, disulfide/total thiol, and IMA levels with platelet count. 
Among them, native thiol, native thiol/total thiol, disulfide, 
disulfide/native thiol, disulfide/total thiol correlations were found 
to be statistically significant (p<0.050) (Table IV).

Table IV: Correlation analyses between hemoglobin, ferritin and platelet values with DTDH parameters and IMA levels. 

Native thiol Total thiol Disulphide Disulphide/ 
native thiol

Disulphide/ 
total thiol

Native thiol/ 
total thiol IMA*

Hemoglobin
r
p

0.329
0.002

0.297
0.006

-0.261
0.017

-0.260
0.018

-0.271
0.013

0.256
0.019

-0.248
0.024

Ferritin
r
p

0.282
0.010

0.247
0.024

-0.320
0.003

-0.241
0.028

-0.255
0.020

0.240
0.029

-0.301
0.006

Platelet
r
p

-0.257
0.019

-0.191
0.084

0.269
0.014

0.285
0.009

0.284
0.009

-0.274
0.012

0.209
0.058

IMA: Ischemia modified albumin
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