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Background: This study aimed to evaluate three hematological indices in children and
adolescents with iron deficiency anemia, thalassemia minor and major and healthy people.
Materials and Methods: In this descriptive cross-sectional study, 164 patients were selected
based on the inclusion and exclusion criteria, and divided into four groups (n=41): iron deficiency
anemia, thalassemia minor, thalassemia major, and healthy people. The results obtained from the
tests were recorded in the patients' checklist. Mann-Whitney test, Wilcoxon test, ROC curve and
area under the curve were adopted for data analysis using SPSS Statistics V21.0.

Results: The mean age of patients was 13.07+3.82 years, of which 100 (62.5%) were men. There
is a significant difference due to the hemoglobin concentration (Hb) index in two-by-two
comparison of the groups (P<0.001), but this difference was not seen between iron deficiency and
thalassemia minor groups (P=0.159). This difference was substantial (P<0.001) in terms of mean
corpuscular volume (MCV) index, although it was only seen between the iron deficiency and
thalassemia major groups (P=0.225). Finally, this mean difference was reported in Serum ferritin
index (P<0.001), but no difference was observed between healthy group and thalassemia minor
group (P=0.802).

Conclusion: The results showed that there is a difference in meanHb, MCV, and Ferritin levels
between the studied groups, and the Hb and Ferritin indices are favorable for iron deficiency
anemia, and the Hb and MCYV indices are favorable to distinguish the thalassemia minor and major
from healthy people.

Keywords: Ferritin, Thalassemia Minor, Beta-Thalassemia, Iron Deficiency, Hemoglobin

Concentration, Mean Corpuscular VVolume

Introduction

The most common hypochromic microcytic anemias are
iron deficiency anemia and thalassemia. Anemia is a
condition in which the number of RBCs or hemoglobin
is low, resulting in reduced oxygen-carrying capacity
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[1]. Iron deficiency is a primary cause of anemia, which
is responsible for nearly half of the global anemia
population. Nevertheless, anemia can also be the result
of other deficiencies, including riboflavin, vitamins A
and B12, and folate [2, 3]. A number of chronic
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diseases, such as tuberculosis, cancer, acquired
immunodeficiency syndrome, and other inherited or
acquired disorders, such as thalassemia may also lead to
anemia [4-6].

Based on World Health Organization (WHO), children
are the most vulnerable group for anemia, and the global
prevalence of anemia among children was estimated at
42.6% in 2011, and Southeast Asia was the second
group. Based on recent studies conducted in Iran, the
estimated prevalence of iron deficiency anemia among
children and adolescents varies between 13.9% and
31.0% [7]. Low socio-economic status, maternal
anemia, and poor hygiene are the main factors in the
high prevalence of childhood anemia [8].

Thalassemia is a group of disorders in which the o/p-
Globin mRNA ratio changes, and these changes lead to
the destruction of RBCs in the bone marrow and
bloodstream. This hemoglobinopathy is prevalent
throughout Africa, South Asia, and the Mediterranean
area, making it the most often seen form. Genetic
mutations in B-globin genes may result in decreased or
absent expression of this gene, and the severity of the
iliness or anemia is linked to the presence of normal
amounts of B-globin. Beta thalassemia is divided into
two categories: transfusion-dependent thalassemia (beta
thalassemia major) and non-transfusion-dependent
thalassemia (beta thalassemia minor and intermedia)
[9].

The frequency of beta thalassemia significantly varies in
different regions in Iran. The highest frequency (10.0%)
was reported in areas near Caspian Sea, the Persian Gulf
and southern Iran. In other regions, such as Fars
province, its prevalence was 4-8% [10].

Several factors were suggested as simple diagnostic
tools to distinguish iron deficiency anemia from
thalassemia. However, some of the best distinguishing
factors use parameters that can only be measured in
modern countries which are not always available in
small laboratories. Using a factor with suitable
diagnostic accuracy based only on parameters obtained
from blood cell count using simple counters would be
useful in clinical evaluation.

Hematological indices were assessed in various studies
to distinguish thalassemia from iron deficiency anemia
[11-13]. Therefore, no study examined Hematological
indices between different groups and healthy people.
Therefore, the present study was conducted to compare
and evaluate three Hematological indices to differentiate
children and adolescents with iron deficiency anemia
and thalassemia minor and major from healthy people.

Materials and Methods

This descriptive cross-sectional study was conducted in
2022 on children, and adolescents with thalassemia aged
7-18 years in Shoushtar, Iran. The research population
of this study includes all children and adolescents with
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medical records in the thalassemia clinic of Khatam al-
Anbiya Hospital in Shoushtar. Furthermore, those who
were sent to the Children's Clinic in Shoushtar for
examination and diagnosis of iron deficiency anemia
and thalassemia minor were included in the study
population.  After obtaining necessary  written
permission from Research Vice-Chancellor of
University and making arrangements with Shoushtar
Faculty of Medical Sciences, the researcher went to the
research location (Thalassemia Clinic of Khatam Al-
anbia Hospital in Shoushtar), and conducted the
research within three months with the necessary
arrangements with the officials of relevant unit. After
introducing himself/herself and getting the consent of
all the parents of children and teenagers participating in
this project, the significance of the subject, as well as
the research methodology were explained.

164 patients were selected based on determined
inclusion and exclusion criteria according to the sample
size formula [14]. The initial group consisted of 41
individuals diagnosed with thalassemia minor but
without iron deficiency. The second group comprised 41
individuals diagnosed with iron deficiency anemia but
without thalassemia. The third group consisted of 41
individuals diagnosed with thalassemia major. Lastly,
the fourth group comprised 41 healthy individuals
without iron deficiency or thalassemia minor.

Inclusion criteria: 1. In the patients with iron deficiency
(MCV: for boys less than 80.8 femtoliters, for girls less
than 1.82 femto liters. Hb: for boys less than 13 g/dL,
for qirls less than 12 g/dL. Ferritin: less than 15
micrograms/liter). 2. In the patients with thalassemia
minor (HbA2 higher than 3.5%, MCV less than 80,
normal serum iron and ferritin levels). 3. In the patients
with thalassemia major (normal or increased serum iron
and ferritin levels) cut-off point HbA2 >3/5%. 4. In
normal people (normal hemoglobin, MCV, serum iron
and ferritin levels) [1, 9, 11].

Exclusion criteria: History of taking anticonvulsants,
salicylates, NSAIDs, and iron and folic acid
supplements within the last few days, history of chronic
liver disease, Kkidney disease and gastrointestinal
malabsorption, gastrointestinal ulcers or intestinal and
colorectal problems as well as parasitic infections such
as Schistosoma and hookworms.

The groups were matched due to age and gender. All
subjects participated in the study with the knowledge of
the goals of the project following the announcement of
voluntary call. Patients with iron deficiency anemia,
thalassemia minor, and thalassemia major were selected
according to the inclusion criteria and sampling was
then performed. After making arrangements with the
laboratory of Khatam al-Anbiya hospital in Shoushtar,
all patients referred to the laboratory on a specific day
while being NPO for 10 hours. Five mil of blood were
collected, two ccs of which were poured into a tube with
a lid containing EDTA for cell count and hemoglobin
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tests. The rest was poured into an acid-washed and
coded tube to separate the serum and perform other
tests.

CBC sample was evaluated regarding cell and
hemoglobin count using a Sysmax Kx21 Hematology
Analyzer, and HbA2 test was performed by column
chromatography with a biosystem Kkit.

Ferritin was measured in patients' serum samples within
24 hours after collection. Using this kit, ferritin less than
10 g/Lm was considered as low, and 10-120 was
considered normal [15]. Finally, people who had no
history of special diseases and were apparently in
perfect health, and their electrophoresis hemoglobin,
ferritin, and iron CBC were within the normal range
were considered as healthy people.

No fees were charged to the patient during these tests.
The patients' checklist included a record of the test
findings. The data did not exhibit a normal distribution
when the Kolmogorov-Smirnov test was applied to

assess the data's normality. With the Mann-Whitney
test, the groups were contrasted. Wilcoxon test was used
to compare the mean levels of variables while the ROC
curve, and its area under the curve were used to assess
the efficiency of Ferritin, Hb, and MCV indices in
differentiating the patients from healthy people. Data
analysis was done using SPSS Statistics V21.0. P-value
greater than 0.05 was considered as significant level.

Results

160 patients were examined, and one person from each
group was excluded based on exclusion criteria. The
results showed that the mean age of the patients
(13.07£3.82) in a range of 3 to 19 years. One hundred
people (62.5%) were men.

Based on Kruskal-Wallis test, there was a significant
difference between the mean Hb, MCV, and Ferritin
levels among the study groups (P<0.001) (Table 1).

Table 1. Mean and standard deviation of Ferritin, Hb, and MCV indices in the study groups

Healthy people Iron defic_iency Thala_lssemia Thalas_semia P.value with_
Group n=40 anemia minor major Kruskal-Wallis
n=40 n=40 n=40 test
Hb 13.01£1.26 10.02+1/13 10.40+1.20 7.62+0.94 “P<0.001
MCV 84.71+2.97 79.00+4.44 63.93+6.59 77.60+4.35 “P<0.001
Ferritin 74.47+£14.72 10.45+2.01 98.75+134.28 5591.0+1929.19 “P<0.001

As can be seen, the data in Table 1 show that in two-by-
two comparison of groups using Mann-Whitney test,
there is a significant difference in terms of Hb index
(P<0.001), but this difference was not seen between iron
deficiency group, and thalassemia minor group
(P=0.159).

Regarding MCV index, a statistically significant
difference was observed among the groups (P<0.001),
yet this difference was absent only between iron
deficiency and thalassemia major groups (P=0.225).
Finally, this mean difference regarding serum ferritin
levels showed significant results between groups

(P<0.001), but no difference was observed between the
healthy group versus thalassemia minor group
(P=0.802).

The ability of the ferritin, Hb, and MCV indices to
distinguish patients from healthy individuals was
assessed using the Receiver Operating Characteristic
(ROC) curve and its area under the curve. The area
under the curve to distinguish iron deficiency patients
from healthy individuals was 0.997 (P<0.001) for Hb
index, 0.868 (P<0.001) for MCV index and 0.995
(P<0.001) for serum Ferritin levels index (P<0.001)
(Table 2, Fig.1).

Table 2. Contingency table of Ferritin, Hb, and MCV indices in iron deficiency patients and healthy people

Result
Variable — Total P.value
Healthy people Iron deficiency
>11.75 18(90.0) 2(10.0) 20(100.0)
| H
ndex Hb <11/75 0(0.0) 20(100.0) 20(100.0) p<0.001
Total 18(45.0) 22(55.0) 40(100%)
>82.30 15(75.0) 5(25.0) 20(100.0)
Index MCV
<82.30 2(10.0) 18(90.0) 20(100.0) p<0.001
Total 17(57.5) 23(42.5) 40(100%)
o >12/75 19(95.0) 1(5.0) 20(100.0)
Ferritin index <12/75 0(0.0) 20(100.0) 20(100.0) p<0.001
Total 19(47.5) 21(52.5) 40(100%)
JOHE, Spring 2024; 13 (2) 64
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Fig.1. ROC curve of the efficiency of Ferritin, Hb, and MCV indices to distinguish iron deficiency patients from healthy people

The findings of Table 2 and Fig.1 show that in terms of The area under the curve to distinguish thalassemia
sensitivity and specificity, Ferritin (0.95, 0.100) and minor patients from healthy people was 0.944 for Hb
Hb(0.90, 0.100) indices with cut-off points 12.75 and index (P<0.001), 1.000 for MCV index (P<0.001) and
11.75 are desirable for diagnosing iron deficiency 0.516 for serum Ferritin levels index (p=0.860) (Table
disease. 3, Fig.2).

Table 3. Contingency table of Ferritin, Hb, and MCV indices in thalassemia minor patients and healthy people

Variab| Result Total P val
ariabie Healthy people Thalassemia minor ot vaiue
L index >11.75 18(90.0) 2(10.0) 20(100.0)
<11.75 2(10.0) 18(90.0) 20(100.0) p<0.001
Total 20(50.0) 20(50.0) 40(100%)
MCV index >77.80 20(10.0) 0(0.0) 20(100.0)
<77.80 0(0.0) 20(100.0) 20(100.0) p<0.001
Total 20(50.0) 20(50.0) 40(100%)
o >11.45 19(95.0) 1(5.0) 20(100.0)
Ferrit d
SrrIHn Index <11.45 14(70.0) 6(30.0) 20(100.0) 0<0.001
Total 33(82.5) 7(17.5) 40(100%)
s e
S off el
v
-
1 - Specficty

Fig. 2. ROC curve of the efficiency of Ferritin, Hb, and MCV indices for distinguishing thalassemia minor patients from healthy
people
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Table 4. Contingency table of Ferritin, Hb, and MCV indices in thalassemia major patients and healthy people

Variabl Result Total b val
ariable Healthy people Thalassemia major o value
i dex Hb >9.80 20(100.0) 0(0.0) 20(100.0)
<9.80 0(0.0) 20(100.0) 20(100.0) p<0.001
Total 20(50.0) 20(50.0) 40(100%)
MCV index >80.80 20(100.0) 0(0.0) 20(100.0)
<80.80 5(25.0) 15(75.0) 20(100.0) p<0.001
Total 25(62.5) 15(37.5) 40(100%)
. >6.80 20(95.0) 20(5.0) 40(100.0)
Index ferritin <6.80 0(0.0) 0(0.0) 0(0.0) 0<0.001
Total 20(100.0) 20(100.0) 40(100%)

The data in Table 3 show that the sensitivity, and
specificity of MCV (0.100, 0.100) and Hb (0.90, 0.90)
indices with cut-off points 77.80 and 11.75 are desirable
for the diagnosis of thalassemia minor.

The area under the curve to distinguish thalassemia
major patients from healthy people was 1.00 for Hb
index (P<0.001), 0.890 for MCV index (P<0.001) and

Banallivity

0T (e

0.000 for serum Ferritin levels index (P<0.001) (Table
4, Fig.3).

As can be seen, the data in Table 4 and Fig. 3 show that
the sensitivity, and specificity of MCV (0.100, 0.80) and
Hb (0.100, 0.100) indices with cut-off points 80.80 and
9.80 are desirable for the diagnosis of thalassemia
major.

1 - Spee-ciicity

Fig.3. ROC curve of the efficiency of Ferritin, Hb, and MCV indices for distinguishing thalassemia major patients from healthy

people

Discussion

Based on our results, based on two-by-two mean
analysis of the groups, it was found that Hb
concentration and serum ferritin level are favorable to
determine iron deficiency anemia while Hb and MCV
indices are favorable for distinguishing thalassemia
minor and major from healthy people.

Blood indices analysis revealed that the Hb
concentrations in the thalassemia minor and iron
deficiency groups were substantially greater than those
in the thalassemia major group. In this regard, in a study
by Jameel et al. conducted on 21-36-year-old samples,
the results showed that Hb concentration in iron
deficiency group were higher than thalassemia major
patients [12], which is consistent with the results of
present study. In other studies [11, 16-18], the mean Hb

JOHE, Spring 2024; 13 (2)

concentration in thalassemia major group were reported
to be significantly higher than that of iron deficiency
anemia, which is not consistent with the results of the
present study. The authors did not discuss why their
data conflicted with other studies, but it might have
been due to the severity of anemia. These data support
the hypothesis that iron deficiency itself may increase
Hb values regardless of anemia. According to the
findings of an English research, iron deficiency anemia
may be caused by underlying conditions like as
diabetes, microcephaly, and a lack of other vitamins,
and it may be mistaken for increased Hb concentration
[19]. Differentiating between IDA and B-TT using CBC
factors is a significant, accurate, quick, cheap, and easy
way to identify children at risk of suffering from
anemias and avoid unnecessary research costs [19].
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MCV concentration in thalassemia minor was
significantly lower than that of thalassemia major and
iron deficiency. Similar to the present study, a study by
Matos showed that this index was significantly higher in
iron deficiency anemia compared to thalassemia minor
[20]. However, in a study by Kramati, no significant
difference was found between thalassemia minor and
iron deficiency anemia. Furthermore, no significant
difference was observed between iron deficiency and
thalassemia major in terms of MCV index in their study
[21]. The results of a study by Jameel et al. are similar
to the present study [12]. Nevertheless, Rashwan's
investigation revealed a notable disparity in the average
MCV concentration between the thalassemia major
group and the iron deficiency anemia group, with the
former exhibiting a much lower concentration [11]. In
the studies of Beyan [17] and Yousafzai et al. [22],
results similar to the study of Rashwan have been
obtained. It is noteworthy that in the study of Matos, the
MCV concentration in iron deficiency anemia was
significantly higher than thalassemia major [20]. The
reason for the difference in the results of mentioned
studies compared to the present study can be attributed
to the variety of genetic mutations. Besides, the sample
size, the mean age of study groups and treatment with
iron supplements can influence the results [23].

The results of present study showed that serum Ferritin
levels in thalassemia major group were significantly
higher than that of thalassemia minor group, but there
was no difference in serum Ferritin levels between
healthy group and thalassemia minor group. However,
in a study by Dehghani et al., Ferritin levels in healthy
people were higher than that of thalassemia minor [24].
The findings of a research by Jameel et al. demonstrate,
among other comparable findings, that ferritin levels in
thalassemia major were substantially greater than those
in iron deficiency [12]. In this regard, in a study by
Tharwat, Ferritin levels in thalassemia major patients
were higher than 1000 [25]. Serum Ferritin levels were
significantly higher in healthy people compared to
people with iron deficiency, which is in line with the
results of a study by Gul [26] Moreover, Ferritin levels
in thalassemia major group were higher than that of
healthy subjects, which is in line with a study by
Abdolmotaleb [27].

Using the area under the curve (AUC), it was
determined that serum Ferritin levels and Hb are
desirable indices for differentiating iron deficiency
patients from healthy people, which is similar to the
study of Zuther in terms of serum Ferritin levels (0.67
sensitivity and 0.75 specificity) [28]. In the study of
Kablan, Hb index with sensitivity, and specificity of
21.43 and 0.100 and a cut-off point of 2.2 was
recommended for diagnosing iron deficiency anemia
[29], which is similar to the present study. Meanwhile,
the evidence from the studies of Salvi et al. and Jimmy
Perez et al. shows that Hb has a poor performance

JOHE, Spring 2024; 13 (2)

(sensitivity less than 0.61, specificity less than 0.53) in
diagnosing iron deficiency among pregnant women [30,
31]. Unlike Ferritin, Hb serves as an indicator of stored
iron levels. This may account for its limited
effectiveness in identifying iron insufficiency,
particularly during the first phases. Hb serves as a
valuable marker for identifying iron insufficiency [32].
Besides, MCV index is a parameter that can be used to
diagnose iron deficiency anemia. This has been
confirmed by World Health Organization (WHO),
which states that MCV and MCH are the most sensitive
indices of iron deficiency in the CBC panel [32].

Using the area under the curve, it was determined that
MCV and Hb indices are desirable for distinguishing
thalassemia major patients from healthy people. Hence,
these two indices with sensitivity and specificity of 0.93
and 0.100 in the study of Ullah and Hb index with
sensitivity and specificity of 0.53 and 0.54 in the study
of Sirdah are suitable for diagnosing thalassemia major
[13, 33]. MCV index in the study of Sari with sensitivity
and specificity of 87% and 87% and a cut-off point less
than 20.5 pg has priority in the diagnosis of thalassemia
major [34]. In the study of Kablan, Hb index with
sensitivity and specificity of 0.100 and 84.6 and a cut-
off point of 3.6 was suggested for the diagnosis of
thalassemia major [29].

Using the area under the curve, it was determined that
MCV and Hb indices are suitable for distinguishing
thalassemia minor patients from healthy people.
According to a research conducted by Tripathi, the Hb
index had the best sensitivity (91.89%) and the lowest
specificity (22.32%) for diagnosing thalassemia minor.
On the other hand, the MCV index exhibited the highest
specificity (88.69%) for the same diagnosis.

Conclusion

The results showed that there is a difference in mean
Hb, MCV, and serum Ferritin levels among the studied
groups, and Hb and Ferritin indices are favorable for
iron deficiency anemia, and Hb and MCV indices are
favorable to distinguish thalassemia minor and major
patients from healthy people. It is recommended that
further research be done with a bigger sample size in
order to precisely ascertain the sensitivity and various
formulae in separating individuals with thalassemia and
iron deficiency anemia from those in good health.

Acknowledgement

This study is the result of a research project approved by
Jundishapur University of Ahvaz. We would like to
thank all the children and their families as well as our
colleagues and fellow professors.

Conflict of interest

None declared.

67



Comparison of Hematological Indices in Children and Adolescents

Funding

The journal is informed that we did not have any
funding for this article

Ethical Considerations

In this study, the data of the Hematological Indices in
Children and Adolescents with Iron Deficiency Anemia,
Thalassemia Minor and Major and Healthy People was
used, we did not have access to the names and
characteristics of the people, also for this design, the
code of ethics was obtained from the Ahvaz Jundishapur
University of Medical Sciences.

Code of Ethics

This study was approved by the Ethics Committee of
Ahvaz Jundishapur University of Medical Sciences with
code IR.AJUMS.REC.1397.517

Authors' Contributions

Akram Hemmatipour: Writing and preparing the initial
draft. Razieh Jalakani: Writing and preparing the initial
draft. Azam Jahangirimehr: Statistical analysis, project
administration and  revision.  Bijan  Kikhaei:
Conceptualization,

Dariush Rokh Afrooz: project administration and
revision, Seyedeh Moloud Rasouli Ghahfarokhi:
Conceptualization.

References

1. Kundu S, Alam SS, Mia MA, Hossan T, Hider P,
Khalil MI, et al. Prevalence of Anemia among
Children and Adolescents of Bangladesh: A
Systematic Review and Meta-Analysis. Int J Environ
Res Public Health. 2023 Jan 18;20(3):1786.

2. Kumar SB, Arnipalli SR, Mehta P, Carrau S,
Ziouzenkova O. Iron Deficiency Anemia: Efficacy
and Limitations of Nutritional and Comprehensive
Mitigation Strategies. Nutrients. 2022;14(14):2976.

3. Moscheo C, Licciardello M, Samperi P, La Spina M,
Di Cataldo A, Russo G. New Insights into Iron
Deficiency Anemia in Children: A Practical Review.
Metabolites. 2022;12(4):289.

4. WuY, Ye H, Liu J, Ma Q, Yuan Y, Pang Q, et al.
Prevalence of anemia and sociodemographic
characteristics among pregnant and non-pregnant
women in southwest China: a longitudinal
observational study. BMC Pregnancy Childbirth.
2020;20(1):535.

5. Allali S, Brousse V, Sacri AS, Chalumeau M, de
Montalembert M. Anemia in children: prevalence,
causes, diagnostic work-up, and long-term
consequences. Expert Rev Hematol.
2017;10(11):1023-8.

6. Chaparro CM, Suchdev PS. Anemia epidemiology,
pathophysiology, and etiology in low- and middle-
income countries. Ann N Y Acad Sci.
2019;1450(1):15-31.

JOHE, Spring 2024; 13 (2)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Akbari M, Moosazadeh M, Tabrizi R, Khatibi SR,
Khodadost M, Heydari ST, et al. Estimation of iron
deficiency anemia in lranian children and
adolescents: a systematic review and meta-analysis.
Hematology. 2017;22(4):231-9.

Kundu S, Alam SS, Mia MA, Hossan T, Hider P,
Khalil MI, et al. Prevalence of Anemia among
Children and Adolescents of Bangladesh: A
Systematic Review and Meta-Analysis. Int J Environ
Res Public Health. 2023; 20(3):1786.

Cheraghi SM, Rezvani A. Prevalence of Kell Ag in
Pregnant Women with Thalassemia Minor or
Intermedia Beta in Medical Centers Affiliated to
Shiraz University of Medical Sciences in 2019-2020.
J Iran Med Counc. 2022;5(4):657-60.

Irankhah SS, Hoseini-Asl S, Valizadeh M, Amani F.
Prevalence of RDB, RSa, Hinc and Xmn
polymorphisms and Hbhaplotypes in patients with
thalassemia  minor. Cellular, ~ Molecular  and
Biomedical Reports. 2022;2(3):162-72.

Rashwan NI, Ahmed AE, Hassan MH, Mohammed
ME, Bakri AH. Hematological indices in
differentiation between iron deficiency anemia and
beta-thalassemia trait. Int J Pediatr.
2022;10(1):15285-95.

Jameel T, Baig M, Ahmed I, Hussain MB,
Alkhamaly MBD. Differentiation of beta thalassemia
trait from iron deficiency anemia by hematological
indices. Pak J Med Sci. 2017;33(3):665-9.

Ullah Z, Khattak AA, Ali SA, Hussain J, Noor B,
Bano R, et al. Evaluation of five discriminating
indexes to distinguish Beta-Thalassemia Trait from
Iron Deficiency Anaemia. J Pak Med Assoc.
2016;66(12):1627-31.

Royani S, Alijanpor S, Shirbaghaei Z,
Khorasaninejad R, Roshandel GH, Ayatollahi AA, et
al. The Comparison of Serum Vitamin D Level in
Patients with Iron Deficiency Anemia and Minor
Thalassemia. Med Lab J. 2013;7(3):24-30.

Maleki E, Daei MH, Frahmandi Nia Z, Ebrahimi P.
The Relationship between Plasma Level of 25-
Hydroxyvitamin D3 and Plasma Ferritin Level in
Children with Thalassemia Major. Afzalipour J Clin
Res. 2017;1(1):9-18.

Jahangiri M, Rahim F, Malehi AS. Diagnostic
performance of hematological discrimination indices
to discriminate between Peta thalassemia trait and
iron deficiency anemia and using cluster analysis:
Introducing two new indices tested in Iranian
population. Sci Rep. 2019;9(1):18610.

Beyan C, Kaptan K, Ifran A. Predicive value of
discrimination indices in differential diagnosis of
iron deficiency anemia and beta thalassemia ftrait.
Eur J Hematol. 2007; 78(6):524-6.

Rathod DA, Kaur A, Patel V, Patel K, Kabrawala R,
Patel V, et al. Usefulness of cell counter based
parameters and formulas in detection of beta
thalassemia trait in areas of high prevelance. Am J
Clin Pathol. 2007;128(4):585-9.

English E, Idris I, Smith G, Dhatariya K, Kilpatrick
ES, John WG. The effect of anaemia and
abnormalities of erythrocyte indices on HbAlc

68



A. Hemmatipour et al

20.

21.

22.

23.

24.

25.

26.

217.

analysis: a systematic
2015;58(7):1409-21.
Matos JF, Dusse LM, Stubbert RV, Ferreira MR,
Coura-Vital W, Fernandes AP, et al. Comparison of
discriminative indices for iron deficiency anemia and
B thalassemia trait in a Brazilian population.
Hematology. 2013;18(3):169-74.

Kramati MR, Tayyebi Meybodi N. The Effect of
Iron Deficiency Anemia (IDA) on the Hb A2 Level
and Comparison of Hematologic Values between
IDA and Thalassemia Minor. J Intern Med Today.
2006;11(4):24-9.

Yousafzai YM, Khan S, Raziq F. Beta thalassemia
trait: hematological parameters. J Ayub Med Coll
Abbottabad. 2010; 22(4):84-6.

Xiao H, Wang Y, Ye Y, Yang C, Wu X, Wu X, et al.
Differential diagnosis of thalassemia and iron
deficiency anemia in pregnant women using new
formulas from multidimensional analysis of red
blood cells. Ann Transl Med. 2021;9(2):141.
Dehghani M, Karimzadeh P, Azadeh N, Rezvani A,
Kashkooe A. Serum Ferritin and hematological
indices in thalassemia minor and nontransfusion
dependent hemoghlobinopathy. Iragi J Hematol.
2021;10(1):17-22.

Tharwat RJ, Balilah S, Habib HM, Mahmoud NH,
Beek FS, Almadani FK, et al. Ferritin and Vitamin D
levels and its relation to bone diseases in thalassemic
adults: A hospitalbased retrospective cohort study. J
Appl Hematol. 2019;10(1):15-22.

GUL HF, Bekis Bozkurt H, Ozbolat G, Celik S. A
data analysis study: is there a relationship between
25 (OH) D deficiency and iron-deficient anaemia in
the pediatric population? Turk J Biochem.
2021;46(1):89-95.

Abdelmotaleb GS, Behairy OG, EI Azim KEA, El-
Hassib DMA, Hemeda TM. Assessment of serum
vitamin D levels in Egyptian children with beta-

review. Diabetologia.

JOHE, Spring 2024; 13 (2)

28.

29.

30.

31.

32.

33.

34.

thalassemia major. Egypt Pediatr Assoc Gaz.
2021;69:1-7.

Zuther M, Ribsam ML, Zimmermann M, Zarbock
A, Honemann C. Improved Diagnosis of Iron
Deficiency Anemia in the Critically 1l via
Fluorescence Flowcytometric Hemoglobin
Biomarkers. Cells. 2022;12(1):140.

Kablan NM, ElI Hamshary MO, Nasr GM, Hamza
MT, Salam TH, Hemeida AA. Hemoglobin A2 Cut
off Values in Egyptian Cohort as a marker of B-
Thalassemia  carriers.J  Biosci  Appl  Res.
2015;1(4):154-9.

Salvi CC, Braga MC, Batista Filho M. Diagnostic
accuracy of hemoglobin for iron deficiency in
pregnancy: disclosing results of a cited clinical trial.
Rev Panam Salud Publica. 2014; 36(2):110-6.
Jaime-Pérez JC, Garcia-Arellano G, Méndez-
Ramirez N, Gonzélez-Llano O, Gémez-Almaguer D.
Evaluation of hemoglobin performance in the
assessment of iron stores in feto-maternal pairs in a
high-risk population: receiver operating
characteristic curve analysis. Rev Bras Hematol
Hemoter. 2015;37(3):178-83.

Rivera AKB, Latorre AAE, Nakamura K, Seino K.
Using complete blood count parameters in the
diagnosis of iron deficiency and iron deficiency
anemia in Filipino women. J Rural Med.
2023;18(2):79-86.

Sirdah M, Al Mghari K, Abuzaid AH, Al Haddad
RM. Should sex differences be considered when
applying mathematical indices and formulas for
discriminating B- thalassemia minor from iron
deficiency? Pract Lab Med. 2018;11:1-9.

Sari DP, Wahidiyat PA, Setianingsih I, Timan IS,
Gatot D, Kekalih A. Hematological Parameters in
Individuals with Beta Thalassemia Trait in South
Sumatra, Indonesia. Anemia. 2022;2022:3572986.

69


https://epag.springeropen.com/articles/10.1186/s43054-021-00066-y#auth-Ghada_Saad-Abdelmotaleb
https://epag.springeropen.com/articles/10.1186/s43054-021-00066-y#auth-Ola_Galal-Behairy-Aff1
https://epag.springeropen.com/articles/10.1186/s43054-021-00066-y#auth-Khalid_Eid_Abd-Azim-Aff2
https://epag.springeropen.com/articles/10.1186/s43054-021-00066-y#auth-Tasbeh_Mohamed-Hemeda-Aff4

