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ABSTRACT

The most common hypochrom microcytic anemia are iron deficiency anemia (IDA) and thalassemia minor (TM). The
results of some studies have shown that IDA can cause misdiagnosis of heterozygote β-thalassemia due to decrease
in HbA2 level.  Our aim in this study was evaluating the effect of IDA on HbA2 levels; Furthermore hematolagic val-
ues in CBC of these two diseases will be compared. 
In this study 291 individuals including normal control group, heterozygote α and β-thalassemia minor, IDA and coin-
cident β-thalassemia and IDA patients were under investigation. CBC, serum ferritin, iron, and TIBC levels and hemo-
globin electrophoresis in alkaline PH was managed for every subjects. They were then put into groups according to
diagnostic criteria and were analyzed applying SPSS software (version 11.5) and statistical tests especially t- test.
HbA2 levels were 2.9%±0.4 in normal group, 2.7%±0.6 in IDA patients, 5.6%±0.9 in β-thalassemia minor, 4.7%±1
in coincident IDA and β-thalassemia minor. Above mentioned significant differences in HbA2 values are between nor-
mal and IDA individuals, also between β-thalassemia minor and coincident β-thalassemia and IDA patients. RBC
counts, Hb, Hct, MCH, MCHC values were significantly higher in b- thalassemia minor comparing with IDA patients
but MCV showed no significant difference in these two groups. RDW was increased in both, but it was higher in IDA.
IDA can cause a decrease in HbA2 level. This point sometimes leads misdiagnosis particularly in coincident IDA and
β-thalassemia minor. Therefore in suspicious cases of β-thalassemia trait in IDA background, it is better to do hemo-
globin electrophoresis after treatment of IDA.
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INTRODUCTION
The most prevalent hypochrom microcytic anemia
are iron deficiency and β-thalassemia trait (1,2).
Iron deficiency anemia (IDA) and iron deficiency
(ID) are common in Iran (3, 4). β-thalassemia is
common in some particular zones such as Mediter-
ranean area. There are exceeding 25000 cases of
thalassemia major in Iran (5).

In some areas of Iran β-thalassemia prevalence is 3-
4% (6,7). It is therefore important to have a labora-
tory diagnosis as there is a particular increasing ne-
ed for prenatal detection of disorders with use in
globin chain and verifying hemoglobin subgroups
(8,9). Diagnosis β-thalassemia trait is being practi-
ced by detecting increasing HbA2 level up to 3.5%
(9,10,11).

Decreased amount of hemoglobin in IDA may re-
duce percentage of hemoglobin subgroups inclu-
ding HbA2. Therefore IDA is a potential diagnostic
interference in these tests(11). Incorrect diagnosis
can cause mistreatments and lead to chronic results
especially for the offspring's of parents with β-tha-
lassemia minor.(8) some specialists recommended
rechecking HbA2 level succeeding IDA treatment
in case of simultaneous β-thalassemia minor and
IDA(11). So our initial aim of this study is evalu-

ating the effect of IDA and iron deficiency on HbA2

levels.

Furthermore existing specifications in complete
blood count (CBC) of individuals with IDA will be
compared with thalassemia trait.

MATERIALS and METHODS
291 individuals including normal control group
from hematology and marriage consult clinics were
grouped to be assayed for IDA or thalassemia mi-
nor in this study. Blood sample were collected from
all patients in tubes containing, ETDA anticoagu-
lant for CBC and hemoglobin electrophoresis and
samples without anticoagulant to measure serum
ferritin, Iron and TIBC (Transferritin Iron Binding
Capacity). All samples were collected from fasting
patients under standard conditions. CBC were
analyzed by cell counter (Kx-21 sysmex) within 2
hours of sampling. This instrument was calibrated
with reference methods and had a regular quality
control program.

Hemoglobin electrophoresis was done with use of
cellulose acetate gel in alkaline PH. Samples conta-
ining borderline HbA2 levels (3.4-3.6%), the values
were rechecked by exchange cation chromatog-
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ÖZET

Demir Eksikliği Anemisinin HbA2 Seviyesine Etkisi ve Demir Eksikliği Anemisi ile Talassemi Minörün 
Hematolojik Parametrelerinin Karşılaştırılması
En sık görülen hipokrom mikrositer anemiler, demir eksikliği anemisi (DEA) ve talassemi minördür (TM). Bazı
çalışmalar DEA’nin HbA2 seviyesinde azalma olması nedeniyle heterozigot ß-talassemi ile karışabildiğini
göstermiştir. Amacımız, DEA’nin HbA2 seviyesi üzerine etkisini değerlendirmek ve bu iki hastalıktaki kan parame-
trelerini, kan sayımlarını karşılaştırmaktır. 
Bu çalışmaya normal kontrol grubu, heterozigot a ve ß-talassemi minör, DEA ve DEA ile ß-talassemisi birlikte olan
291 kişi alınmıştır. Tam kan sayımları, serum ferritin, demir düzeyleri, demir bağlama kapasiteleri ve alkalen pH’da
Hb elektroforezleri çalışılmıştır. Bu değerler tanılara göre gruplanmış SPSS programında (11.5 versiyonu) t-testi kul-
lanılarak karşılaştırılmıştır.
HbA2 düzeyleri normal grupta %2.9±0.4, DEA grubunda %2.7±0.6, ß-talassemi minör grubunda %5.6±0.9, DEA ve
ß-talassemi birlikte olan grupta %4.7±1.0 bulunmuştur. Normal grupla kıyaslandığında HbA2 düzeylerinde bütün gru-
plarda istatistiksel anlamlı fark bulunmuştur. 
ß-talassemi minör ile DEA karşılaştırıldığında MCV dışında RBC, Hb, Hct, MCH, MCHC değerleri arasında istatis-
tiksel anlamlı fark izlendi. RDW herikisinde de artmıştı, ancak DEA’nde daha yüksekti.
DEA, HbA2 seviyesinde azalmaya neden olabilir. Bu durum, özellikle DEA ve ß-talassemi minör birlikteliğinde yanlış
tanılara neden olabilir. Bu nedenle, DEA zemininde ß-talassemi trait varlığında  DEA tedavisine başlamadan önce Hb
elektroforezi ile tanının netleştirilmesi önerilmektedir.
Anahtar Kelimeler: HbA2, Talassemi minör, Anemi, Hb elektroforezi, Demir eksikliği



raphy (Helena kit, France). HbA2≥3/5% was pro-
ved to be increased.

Serum iron, TIBC and ferritin were measured wit-
hin 24 hours from sampling. Serum ferritin was
measured applying radio immunoassay method
(kawoshyar kit, Iran)

Ferritin was proved to be reduced less than 20
mg/L. Transferrin saturation for all patients were
calculated.

Subjects without anemia or with hypochrom mic-
rocytic anemia and ferritin < 20 mg/L or transferrin
saturation < 15% and HbA2 < 3.5% were conside-
red to have ID or IDA respectively Individuals with
hypochrom microcytic anemia, HbA2 ≥ 3.5% and
normal serum ferritin and transferrin saturation we-
re diagnosed ß-thalassemia minor.

Patients with HbA2 ≥ 3.5% coincident with IDA
considered having IDA plus β-thalassemia minor.
For the patients who had normal hemoglobin elect-
rophoresis, serum ferritin and transferring saturati-
on and CBC featured likely as thalassemia minor
they were diagnosed as α-thalassemia. Finally sub-
jects with no particular disease and having normal
hemoglobin electrophoresis, ferritin, iron, TIBC
and CBC were considered as normal group (11,
12).

Variables were analyzed by SPSS (version 11.5)
statistical software. Initial data summarized as me-
ans and standard deviation for continuous variab-
les. Data were continuous with normal distribution.
We used independent sample T test procedure and
compare means for two groups of independent ca-
ses (Table 1). p value <0.05 was considered signifi-
cant difference.

RESULTS
From 291 individuals 222 cases were adults (>18
years), 69 were 1 to 17 years. Age range was 1 to
89 years with average 25.1 (±16.4). In adult group
average years was 32.7(±13.9). From all subjects
59 cases were normal (30 male, 29 female), 17 with
α-thalassemia minor (14 male, 3 female), 150 with
b- thalassemia minor (64 male, 86 female), 55 with
IDA (19 males 36 female), and 10 (3 male, 7 fema-
le) with coincident IDA and β-thalassemia minor.

HbA2 levels of different groups in this study are

showed in table (1). As it is proved in the table, me-
an HbA2 was 2.9 (±0.4%) in normal groups, and
%2.7 (±0.6) in IDA. This difference was signifi-
cant.

Mean HbA2 in β-thalassemia minor was 5.6%
(±0.9) and in coincident ß-thalassemia and ID was
4.7 %( ±1).This difference was significant (table 1).
Mean HbA2 in patients with α-thalassemia was 3.1
%( ±1.3) which wasn't a significant difference com-
paring with normal group.

Leukocyte counts, had no significant difference in
normal, in compare to IDA group, but there was a
significant increase in leukocyte counts in α- and β-
thalassemia minor corresponding normal and IDA
patients.

Red blood cells (RBC), Hemoglobin (Hb), Hema-
tocrit (Hct) in normal group had significant incre-
ase in male companying with female. It was obser-
ved a significant difference in RBC counts, RBC
indices, Hb and Hct In both sexes, in α- and β-tha-
lassemia in comparing with normal group.

There was also significant decrease in RBC, Hb,
Hct, mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC) in
IDA comparing with α- and β-thalassemia, but dif-
ference in MCV was not significant.

RBC counts had not significant difference in nor-
mal group comparing with IDA.

RDW showed significant increase in patients with
heterozygote thalassemia and IDA corresponding
normal group. RDW was lower in heterozygote
thalassemia in comparing with IDA but this was not
significant.

DISCUSSION
The two main types of hypochromic microcytic
anemia are IDA and thalassemia (2,13). They are
both common in Iran and differentiation between
them for treatment and diagnosis decisions are im-
portant (3,4,5). The conventional laboratory tests to
diagnosis of IDA are measurement of serum ferri-
tin, iron and TIBC (13). Alkaline and acidic he-
moglobin electrophoresis are the most widely used
methods for investigating hemoglobin variants.(8)
HbA2 value is 3.5-8% in β-thalassemia minor (14).
IDA modulates the synthesis of HbA2, resulting in
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Table 1. Hematologic values and HbA2 levels in normal control group, IDA, α- and β-thalasemia minor and
concomitant IDA and β-thalasemia minor in adult individuals, Mashhad, IRAN, 2006.

Values Normal IDA β-thal. α-thal* IDA + β-thal*

M 5.47±0.42 5.11±1.09 6.09±0.66 6.1±0.66
RBC (x106 ml)
F 4.85±0.60 4.52±0.68 5.45±0.46 5.59±1.87

WBC (x103 ml) 6.18±1.25 5.83±1.8 6.81±1.51 6.55±1.33 5.11±0.68

M 15.4±1.5 9.1±2.2 12.6±1.4 12.1±1.8
Hb (g/dl)
F 13.6±0.9 9.3±1.9 11.2±0.9 11.2±1.1

M 46.5±3.7 33.5±6.9 40.9±4.2 40.5±4.7
Hct (%)
F 41.3±3.1 32.9±5.1 36.2±2.9 36.3±1.9

83.7±5.1 65.7±6.2 67.6±4.6 67.5±3.6
MCV(fl)

86.5±5.6 72.4±5.9 66.6±3 64.8±1

M 28.2±2.7 17.7±2.7 20.8±2.1 19.9±1.8
MCH (pg)
F 28.6±2.4 20.6±3 20.5±1.2 20.1±1.9

M 33.6±1.6 26.9±2.4 31.1±2.3 29.5±1.8
MCHC (g/dl)
F 33±0.9 29.1±2.9 30.8±1.6 30.9±1.7

RDW (%) 13.5±1.1 18.5±5.4 16.5±1.4 16.3±1.7 17.3±0.9

PLT (x103 ml) 242±50 282±92 239±73 238±30 238±73

SI (µg/dl) 95±33 32±14 97.5±26 155±30 64±41

TIBC (µg/dl) 361±65 467±92 344±62 360±46 416±38

Ferritin (mg/L) 51±33 7.7±4.2 146±158 46±38 10±5.5

HbA2 (%) 2.9±0.4 2.7±0.6 5.6±0.9 3.1±1.3 4.7±1

* Hematologic values shown for α-thalassemia only cover male adults, IDA + β-thalassemia values only cover
female adults and HbA2 values, Iron,TIBC, and Ferritin are regardless of age and sex. (M= Male, F= Female,
Thal= Thalassemia).



reduce HbA2 levels in patients with IDA. Therefo-
re patients with concomitant IDA and thalassemia
can show normal HbA2 levels.

Treatment with Iron in these patients elevates HbA2

to normal levels. Remeasuring HbA2 after IDA tre-
atment is recommended especially when HbA2 le-
vels are borderline ranges (9-11,15). ID may also
decrease HbA2 levels in healthy control subjects
and even it may reduce the amount of variants he-
moglobin in certain hemoglobinopathies (16). So-
me of other studies have not reported HbA2 reduc-
tion as considerable at coincident of these two dise-
ases. (10,17-19). The decrease HbA2 level which
composed of a2b2 globin chains in iron deficiency
could be due to decrease transcription and/or trans-
lation of hemoglobin gene. Another possible expla-
nation is competition between HbA ß chains and
HbA2 delta chains in binding the limited quantities
of available.

Reduction of HbA2 has been reported to correspond
to the severity of anemia. Therefore it is possible
that iron deficiency was not sufficiently severe or
not sufficiently prolonged to significant reduce the
HbA2 level in some patient with β-thalassemia tra-
it. Also mild deficiency of vitamin B12/folate may
cause an elevation in percentage of HbA2, thus co-
untering the effect of ID (10). Furthermore in some
of β-thalassemia mutations and simultaneous inhe-
ritance of α and ß thalassemia, HbA2 level may not
be increased (6,8). As it is above mentioned we ob-
served a significant decrease of HbA2 levels in IDA
patients comparing with normal subjects and also in
patients with coincident IDA and β-thalassemia
comparing with β-thalassemia minor patients.

These differences especially in later condition was
considerable and about 1% (Table 1). Mean hemog-
lobin value in IDA patients was 9 g/dl. Hemoglobin
usually decrease proportionally more than Hct be-
cause of hypochromia (20) which was also obser-
ved in this study. Although RBC counts were lower
in IDA patients in compare to normal subjects but
this difference was not significant (Table 1).With
considering hemoglobin concentration this conditi-
on represents increasing RBC production. MCV,
MCH and MCHC decrease in IDA while theirs ra-
te are related to anemia severity and duration (20).
Anemia is usually mild to moderate in thalassemia
trait. Mean hemoglobin levels are 12.7 g/dl and

10.9 g/dl respectively in male and female. RBC co-
unt increase in thalassemia minor and MCV and
MCH decrease. MCHC is either normal or decre-
ased (14). These values are similar to the achieved
values in this study (table1).

According to a study in kashan - IRAN, most IDA
patients have MCV 70 fl and normal RBC count,
whereas most patients with thalassemia minor have
MCV < 70 fl and increased RBC counts (6). We
were not considered significant difference in MCV,
between IDA and thalassemia minor.

RDW is valuable in differentiation between IDA
and thalassemia minor. It increases at early stages
of IDA. RDW is normal or mild increase in thalas-
semia minor (12,20). As in table 1 of this study,
RDW is significantly increased in thalassemia mi-
nor comparing with normal subjects but this incre-
ase is higher in IDA.

Leukocyte counts are normal or slightly lowered in
IDA and platelets may be normal, increased or dec-
reased. We observed normal leukocyte count and
increased platelet in IDA patients but the conside-
rable point was increased leukocyte counts in tha-
lassemia minor compare to normal subjects (Table
1).

Conclusion: HbA2 may be decreased in IDA. If an
individual with β-thalassemia trait has concomitant
severe IDA, the usually elevated HbA2 may be in
the normal range. In this instance retesting should
be performed after the iron deficiency is corrected.
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