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ABSTRACT ÖZ

Amaç: Beta talasemi minörlü hastalar eritrosit morfolojilerindeki 
hipokrom mikrositer değişiklik nedeniyle sıklıkla demir eksikliği 
anemisiyle karışarak gereksiz demir replasman tedavilerine 
maruz kalmaktadırlar. Halbuki bu hastalarda var olan inefektif 
eritropozisden dolayı bağırsaklarda demir emilimi artabilir ve vücutta 
aşırı demir birikimi oluşabilir. Bizde kendi hastane verilerimizi 
retrospektif olarak inceleyerek, bizim hasta grubumuzdaki demir 
depo durumunu hem biyokimyasal parametreler hem de kemik iliği 
incelemeleri ile göstermeyi amaçladık.
Yöntemler: Herhangi bir sebeple hastanemizde kemik iliği 
aspirasyon ve biyopsisi yapılmış ancak talasemi dışında ek bir tanı 
almamış, 15 beta-talasemi minör hastası sistemden tespit edilip 
ilgili laboratuvar değerleri retrospektif olarak incelendi. Ayrıca 
hastalara telefon ile ulaşılarak gerekli ek bilgiler sorgulandı. Arşivden 
çıkartılan patolojik materyaller durumdan habersiz bir patoloğa 
gönderildi ve ilgili kemik iliği preparatları eritroblast, sideroblast ve 
ring sideroblast açısından yeniden değerlendirildi.
Bulgular: Hastaların mediyan yaş: 43 [çeyrekler açıklığı (IQR): 
27-54] yıl, medyan ferritin düzeyi ise 24 ng/mL (14,1-84,8) idi. 
Dört olguda ferritin 15 ng/mL’nin altındaydı. Bir olgu dışında tüm 
olgularda sideroblast değeri normalin altında tespit edildi. Medyan 
sideroblast değeri % 6 (1,5-15,0) idi. Transferrin satürasyonu sadece 

Objective: Patients with beta-thalassemia minor are often exposed 
to unnecessary iron replacement therapies due to hypochrome 
microcytic change in erythrocyte morphology. However, in these 
patients, ineffective erythropoiesis may increase iron absorption in 
the intestines and excessive iron accumulation in the body. In this 
study, retrospectively, we aimed to show the iron storage status in 
our patients with beta-thalassemia minor with both biochemical 
parameters and bone marrow examinations.
Methods: Fifteen beta-thalassemia minor patients, who underwent 
bone marrow aspiration and biopsy for any reason in our hospital but 
had no additional diagnosis except thalassemia, were detected from 
the hospital records. Their related laboratory values were examined 
retrospectively. The pathological materials were reevaluated for 
erythroblast, and sideroblast.
Results: The median age was 43 [interqurtile range  (IQR): 27-
54] years and the median ferritin values was 24 (IQR: 14.1-84.8) 
ng/mL. The ferritin values was 15 ng/mL in four cases. Sideroblast 
values were under the normal limit in all but one case. The median 
sideroblast value was 6% (IQR: 1.5-15.0%). Transferrin saturation 
was less than 20% in only one case. There was a moderate positive 
correlation between ferritin and sideroblast (r=+0.598; p=0.032) 
while there was not any positive or negative significant correlation 
between other parameters.
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Introduction

The term “thalassemia” defines a group of diseases that are 
generally characterized by hypochromic microcytic anemia due 
to a decrease in the synthesis rate, without showing a structural 
disorder of one or more polypeptide chains of hemoglobin as a 
result of an inherited defect (1). While hemolysis is prominent in 
alpha thalassemia, ineffective erythropoiesis is more prominent 
in beta thalassemia (2,3).

β-thalassemia is caused by point mutations in the β-globin gene. 
It is common in the Mediterranean population and its frequency 
is up to 10%. β-thalassemia resulting from an inherited defect of 
one of the beta genes presents as “β-thalassemia minor” clinically, 
and although the defect in erythrocyte morphology is evident in 
these patients, anemia is mild or absent (3). Clinically, it is usually 
asymptomatic. These patients are often confused with iron 
deficiency anemia due to the defect in erythrocyte morphology 
and are exposed to unnecessary iron replacement therapy (3,4).

Unlike iron deficiency anemia, the presence of prominent 
erythrocytosis besides deep microcytosis stands out. The Mentzer 
index, which is the ratio of the mean erythrocyte volume (MCV) 
to the erythrocyte count, is found to be less than 13. This ratio is 
generally greater than 13 in iron deficiency (5). Peripheral smear 
shows hypochromic microcytosis as well as basophilic spotting, 
Heinz bodies and target cells. Again, a red cell distribution volume 
(RDW) of less than 16 is considered in favor of β-thalassemia 
minor (6). In addition, β-thalassemia minor is diagnosed by 
detecting hemoglobin (HbA2) over 3.5% in Hb electrophoresis.

While excessive iron accumulation occurs in the body due 
to frequent transfusions in patients with thalassemia major, 
iron accumulation may be evident in thalassemia intermedia 
even though there is no transfusion. This has been attributed 
to increased intestinal iron absorption due to ineffective 
erythropoiesis (7,8). It has been shown that hepcidin is suppressed 
due to increased erythropoiesis in patients with β-thalassemia 
minor, resulting in increased intestinal iron absorption (9,10). 

In addition to studies reporting that the frequency of iron 
deficiency is lower in these individuals than in the normal 
population (11-13), there are also publications suggesting that 
this frequency does not change (14-17). However, it is a fact that 
these patients are often misdiagnosed as having iron deficiency 
anemia due to the similarities in erythrocyte morphology and 
are frequently exposed to unnecessary iron therapy (3,4). Only 
female patients were included in our study since iron deficiency 
was observed more frequently in women and they were exposed 
to iron treatment more frequently. In some previous studies, 
there were studies stating that iron absorption increased and less 
iron deficiency was observed in thalassemia carriers. In fact, if 
such a situation existed in thalassemia carriers, we would have 
found less iron deficiency in this study, and even we would find a 
little higher iron level in individuals without iron loss. Based on 
this theory, this study was designed. Various studies were done 
with this theory before, but unlike biochemical iron indicators 
in our study, bone marrow aspiration and biopsy materials were 
also used. Thus, we aimed to show whether iron absorption 
actually increased or not, and to have the chance to compare the 
biochemical parameters and the results of aspiration and biopsy 
among themselves.

Methods

Patients with β-thalassemia minor who underwent bone marrow 
aspiration and biopsy in our hospital for any reason in the last 
5 years, but did not receive any additional diagnosis other than 
thalassemia, were detected in the system, and their examinations 
and related laboratory values   [hemoglobin and hematocrit 
levels, MCV, mean erythrocyte volume) hemoglobin (MCH), 
erythrocyte count (RBC), MCV/erythrocyte count ratio 
(Mentzer index), reticulocyte count, morphological features of 
erythrocytes in hemoglobin electrophoresis and peripheral smear, 
serum iron values, bone marrow aspiration and biopsy reports] 
were analyzed retrospectively. Fifteen patients diagnosed as 
having β-thalassemia minor were selected for this study. Required 
additional information (number of pregnancies/births, menstrual 

bir olguda %20’nin altında bulundu. Ferritin ile sideroblast arasında 
orta derecede pozitif bir korelasyon vardı (r=+0,598; p=0,032). 
Diğer parametreler arasında ise pozitif veya negatif herhangi anlamlı 
bir korelasyon yoktu.
Sonuç: Rutin günlük pratikte demir depolarını ferritin, transferritin 
satürasyonu ve serum demiri ile değerlendirmekteyiz. Demir 
depo durumunun hem biyokimyasal hem de histopatolojik 
olarak incelendiği bu çalışmamızda, sadece serum demir paneline 
bakarak hastaların demir durumu değerlendirilmiş olunsaydı demir 
eksikliği olan olguların %66’sı gözden kaçmış olacaktı. Kemik iliği 
aspirasyonun prusya mavisi ile incelenmesi demir depo durumunu 
gösteren altın standart bir yöntemdir.
Anahtar Sözcükler: Talasemi minör, ferritin, sideroblast, demir 
depoları

Conclusion: In this study, where iron storage status was examined 
both biochemically and histopathologically, 66% of cases with 
iron deficiency could have been overlooked if the iron status 
of the patients was evaluated only by the serum iron panel. The 
examination of bone marrow aspiration with prussian blue is a gold 
standard method for determining iron storage status.
Keywords: Thalassemia minor, ferritin, sideroblast, iron stores
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status, use of aspirin and other nonsteroidal anti-inflammatory 
drugs, iron intake and bleeding) was asked by phone call. None 
of the patients had a history of blood transfusion, gastrointestinal 
bleeding, frequent use of nonsteroidal anti-inflammatory drugs, 
and chronic diarrhea. Again, none of them had a history of 
abortion, miscarriage or delivery within one year before the 
relevant bone marrow biopsy. Verbal information was given 
to the patients in the phone calls made with the patients and 
necessary medical information was noted down. The study was 
approved by the relevant ethics committee (2019/12-120).

All bone marrow biopsies were evaluated by staining with Prussian 
blue. The relevant laboratory tests and pathology preparations of 
2 patients could not be accessed. Relevant pathology materials 
were removed from the files and sent to an unaware pathologist, 
and the relevant bone marrow preparations were re-evaluated in 
terms of erythroblast, sideroblast and ring sideroblast.

Statistical Analysis

Descriptive statistical methods were used. Spearman correlation 
analysis was used for correlation analysis because the number of 
patients was small. All assessments were performed using SPSS 
software (version 17.0 for Windows; SPSS Inc., Chicago, USA) 
and p<0.05 was considered significant for all statistical analyses.

Results

The general demographic characteristics and laboratory values   of 
the patients are shown in Tables 1 and 2. To summarize shortly; 
the median age of 15 patients was 43 [interqurtile range  (IQR): 
27-54] years. Bone marrow aspiration and biopsy results of two 
patients could not be reached. In four patients, ferritin was below 
16 ng/mL, the lower limit for iron storage. The median ferritin 
level was 24 (IQR: 14.1-84.8) ng/mL. Again, except for one 
patient, the sideroblast value was below normal. The median 
sideroblast value was 6 (IQR: 1.5-15) (Table 2).

When we compared ferritin used in routine practice with other 
values, there was a moderately positive correlation between 
ferritin and sideroblast (r=+0.598; p=0.032). There was no 
significant positive or negative correlation between ferritin and 
iron (r=-0.04; p=0.884), iron and sideroblast (r=-0.21; p=0.480), 
total iron binding capacity (TIBC) and ferritin (r=+0.281; 
p=0.310), TIBC and sideroblast (r=-0.197; p=0.518), TIBC and 
iron (r=-0.214; p=0.444), ferritin and transferrin saturation (r=-
0.05; p=0.869), and sideroblast and transferrin saturation (r=-
0.127; p=0.680). 

    

Table 1. Demographic characteristics of the patients

Paient no Age (year)
Number of 
pregnancies/births

Menstruation status Aspirin use Iron replacement

1 54 0/0 Menopause No No

2 22 0/0
Absence of 
menstruation 

No No

3 18 0/0 Regular No No

4 43 6/3 Regular No No

5 56 13/5 Menopause Yes No

6 68 4/4 Menopause Yes Oral/irregular

7 37 3/2 Regular No 3 months oral +10 amp parenteral

8 45 7/2 Regular Yes No

9 31 2/2 Regular No Oral/irregular

10 30 4/2 Regular No 1 tablet per day for 1 month

11 43 2/2 Regular No 1 tablet per day for 1 month

12 25 0/0 Irregular No No

13 44 3/3 Menopause Yes No

14 54 4/3 Menopause No No

15 27 1/0 Irregular No No

* The patient with Rokitansky-Küster-Hauser syndrome
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Discussion
The status of iron stores in people with β-thalassemia minor 
has been a matter of interest for years, and many studies have 
been conducted on this subject. The first study on iron storage 
status was conducted in 1978 by measuring ferritin in women 
with β-thalassemia minor. Various erythrocyte indices are used 
for screening in the differential diagnosis of β-thalassemia minor 
and iron deficiency anemia. England and Fraser’s discriminant 
function, MCV/RBC ratio (Mentzer index), Shine & Lal index, 
Green & King index, RDW index, Ricerca index, Srivastava 
index, Bessman index, and Ehsani formula are the main indexes 
used in differential diagnosis (19-21). In patients in whom 
β-thalassemia minor is considered as a result of these tests, the 
diagnosis can be confirmed by HbA2 and/or DNA analyzes 
measured using paper chromatography. Bone marrow biopsy has 
no place in the diagnosis. Therefore, bone marrow examination 
of these patients is not a method used in routine practice. We 
aimed to retrospectively evaluate and document the blood values   
together with these bone marrow aspiration and biopsy results 
of our patients who were followed up with the diagnosis of 
β-thalassemia minor in our clinic, who underwent bone marrow 
aspiration and biopsy for any reason, but in whom no additional 
disease was detected as a result of the biopsy.

The frequent confusion between β-thalassemia minor and 
iron deficiency anemia, frequent iron replacement without 
diagnosis, and the knowledge that intestinal iron absorption 
will increase due to the suppression of hepcidin hormone caused 
by ineffective erythropoiesis in these patients have brought to 
mind the hypothesis that iron excess may be present in this 
group of individuals (3,4,9,10). Starting from this point, we 
wanted to show the iron storage status both biochemically and 
histopathologically in this study. Thus, we thought that we 
would learn more about iron deficiency especially in the prelatent 
period.

Looking at the patient data, as expected, all our evaluated 
patients had low MCV, Mentzer index <13, and HbA2  ≥3.7%. 
Again, an erythrocytosis that was not compatible with the Hb 
value was noted in all of our patients. Mean erythrocyte count 
of the patients was 5.5x106. This erythrocytosis supported 
the diagnosis of β-thalassemia minor (22). MCV values were 
also found to be ≤70 fL in our patients. In only four patients, 
the MCV was between 73-78 fL and was lower than normal. 
Mean MCV values were 67.4 fL. Considering this decrease in 
MCV values and erythrocytosis, the suspicion of β-thalassemia 
minor was strengthened. This was in agreement with the results 
previously written by Jhon N. Lukens in Wintrobe’s Clinical 
Hematology (3).

Ferritin levels were below the normal value (less than 16 ng/
mL) (23) in 4 of our patients. In 2 of these 4 patients, serum 
iron and TIBC were normal, and tranferrin saturation was in the 
upper limit of normal, due to the iron treatment they received. 
So the iron stores weren’t full yet. In the bone marrow aspirations 
of these patients, the percentages of sideroblasts were found 
to be 1%, 0% and 12%. More than half of the erythroblasts 

in a normal person are made up of sideroblasts, each of which 
contains fewer than five iron granules. The rate of sideroblasts 
falls below 30% in iron deficiency (24). In this study, if the bone 
marrow was not evaluated and only the transferrin saturation 
and ferritin were evaluated, we would have said that there was 
iron deficiency in only 4 patients; however, with the evaluation 
of bone marrow, we found that this situation was different, 
except for these 4 patients, all of the patients who underwent 
biopsy had iron deficiency, except for one patient. In patient 7, 
transferrin saturation was 46% and ferritin level was significantly 
high (170 ng/mL). This patient had received long-term oral 
and parenteral iron therapy before admitting to us. Sideroblasts 
were detected in 60% of this patient’s bone marrow aspiration. 
These values   were above normal. When the patient was evaluated 
together with his/her anamnesis, it was determined that there 
was iron accumulation in his/her body since this patient was 
given iron replacement therapy considering only the erythrocyte 
morphology, without diagnosis of thalassemia. This patient 
supported the hypothesis that if thalassemia awareness did not 
develop sufficiently, iron overload might occur in these patients 
due to unnecessary iron replacement. These patients were similar 
to the 4 patients shown by Hussein et al. (17) in their 1976 
study who received unnecessary iron replacement therapy and 
subsequently developed high ferritin levels. 

Although serum iron, TIBC and ferritin values   were normal 
in our other patients, sideroblast rate was found below 12% in 
8 patients and around 20% in 2 patients in the bone marrow 
aspirate. That is, if we were to interpret the iron storage status 
in these patients only by looking at the biochemical values, we 
would interpret the iron storage status as normal, however, it was 
observed that the iron stores were insufficient in this group with 
the bone marrow examination. In previous studies, controlled 
with serum ferritin and erythrocyte ferritin, it was stated that 
the iron balance of patients with β-thalassemia minor was better 
than the control group, and the frequency of iron deficiency 
was lower in patients with β-thalassemia minor. Researchers 
attributed this to increased iron absorption due to the ineffective 
erythropoiesis present in patients with β-thalassemia minor 
(25-27). Considering the studies conducted by researchers 
who stated that iron absorption was increased in thalassemia, 
we should have found the ferritin values   of our patients to be 
normal or even above normal values. However, in our patients, 
ferritin values   were generally in the lower limit of normal, and 
when we evaluated bone marrow aspiration smears, we found 
that all patients were in the iron deficiency period, except for one 
patient. Based on these findings, we can say that iron absorption 
is not increased in patients with β-thalassemia minor, which is 
consistent with the work of Hussein et al. (15-17). This result 
shows that the theory that an increase in ineffective erythropoiesis 
will cause a decrease in hepcidin molecule and as a result increase 
iron absorption from the intestine is not true for β-thalassemia 
minor.

When we compared ferritin used in routine practice with other 
values, there was a moderately positive correlation between ferritin 
and sideroblast (r=+0.598; p=0.032). There was no significant 
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positive or negative correlation between ferritin and iron (r=-
0.04; p=0.884), iron and sideroblast (r=-0.21; p=0.480), total 
iron binding capacity (TIBC) and ferritin (r=+0.281; p=0.310), 
TIBC and sideroblast (r=-0.197; p=0.518), TIBC and iron (r=-
0.214; p=0.444), ferritin and transferrin saturation (r=-0.05; 
p=0.869), and sideroblast and transferrin saturation (r=0.127; 
p=0.680). This showed us once again that the second laboratory 
value to be evaluated together with ferritin when evaluating iron 
deficiency was sideroblast. In addition, if we had evaluated only 
TrSAT and ferritin, we could have missed the diagnosis of iron 
deficiency in 66% of the patients. In this case, it can be said that 
the threshold value of ferritin used in the diagnosis should be 
kept at higher levels in order not to miss these patients, and larger 
prospective, case-control studies are needed to make a definite 
conclusion.

Iron is found in the bone marrow in the form of hemosiderin in 
the cytoplasm of macrophages. Iron stores can be easily evaluated 
under the microscope at 20x and 40x magnifications. Prussian 
stain is used in the iron staining process and the cells having blue 
granules are considered as positive cells. The presence of more 
than two positive cells in each (x40) magnification area indicates 
that the iron stores are increased, and the average of less than 
one positive cell in each area indicates that the iron stores are 
decreased. When we examined the bone marrow biopsies based 
on these criteria, all patients had zero iron in the bone marrow. 
Iron molecule is filtered during the decalcification stage in the 
iron staining process of the bone marrow biopsy. Therefore, 
evaluation of bone marrow iron stores by biopsy may give 
false negative results. In addition, biopsy is evaluated relatively. 
Although there is a correlation between biopsy and aspiration 
in showing iron stores, we could not detect this correlation. In 
our cases, we found that aspiration smear was a more sensitive 
method than bone marrow biopsy in assessing iron stores, 
consistent with the literature (28).

Although the number of patients whose bone marrow biopsy 
was scanned was high, the number of our patients remained 
low because bone marrow examination did not have a routine 
place in the diagnosis/follow-up of thalassemia and those with 
systemic disease affecting the bone marrow and/or additional 
blood disease were excluded from the study. The small number 
of patients (15 patients in total) and the retrospective design 
were the main limitations of our study. In this analysis, we were 
not only limited to the measurement of serum iron level, TIBC, 
and ferritin levels, but also had the opportunity to examine in 
detail the existing bone marrow aspirations and biopsies of these 
patients. Thus, in addition to investigating the status of iron 
stores in women with β-thalassemia minor, we had the chance 
to compare the diagnostic accuracy of ferritin, bone marrow 
aspiration smears and bone marrow biopsies.

Conclusion
In conclusion, we did not find any findings showing increased 
iron absorption in our patients. Examination of bone marrow 

aspiration in the evaluation of iron stores gives much better 
results than biochemical parameters, but the invasiveness of the 
procedure limits its use in the clinic.
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