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Abstract
Background: Iron deficiency anemia (IDA) is one of the common nutritional
disorders in the world. In the subcontinent Microcytic hypochromic anemia
is usually caused by beta thalassemia trait (BTT) and iron deficiency anemia
(IDA). IDA may be confused with BTT. It is important to distinguish
between the above conditions to avoid unnecessary iron therapy in
thalassemia carriers. Red cell distribution width index (RDWI) are a simple,
easy, and cost effective method to get a primary and valuable information
regarding the diagnosis of IDA and BTT. Objective: To assess the predictive
value of Red cell distribution width index (RDWI)) for differentiation of Iron
Deficiency Anaemia and Beta Thalassaemia Trait. Material & Methods: The
study was a cross-sectional descriptive study which was conducted in
Department of Clinical Pathology, Bangladesh Shishu Hospital and Institute,
Dhaka, Bangladesh. Over a period of April 2019 to September 2020. The
newly clinically diagnosed cases of BTT and IDA were selected for this
study. The sample size was 110. Among them 46 cases were identified as
BTT and 64 were IDA. Data were analysed using a computer programme
SPSS 25.0 version. Results: Total 110 respondents were included in the
study. Among them 46.4% were female and 53.6% were male. About 72.72 %
of respondents were aged 1 to 10 years old, while 10% were aged 11 to 20
years old and 10% were aged 21 to 30 years old. 4.54 % were between the
ages of 31 to 40, as well as those over 40. The average age (SD) was 22.0 ±
32.52. Mean (±SD) age was 22.0 ± 32.52. RDWI had both sensitivity and
specificity more than 80% in detection of BTT and IDA. Sensitivity,
specificity of RDWI index for detection of BTT was found 81.0%, 83.8%. In
case of IDA, sensitivity and specificity was found 83.8% and 81.0%
respectively. Conclusions: The current study found that multiple
discriminants can be used to differentiate between iron deficiency anemia
and the Beta Thalassaemia Trait. RDWI could be a better way to tell the
difference between BTT and IDA.
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INTRODUCTION
IDA is one of the common nutritional
disorders in the world. In the subcontinent

Microcytic hypochromic anemia is usually
caused by beta thalassemia trait (BTT) and iron
deficiency anemia (IDA).[1] The gene frequency
of β -Thalassaemia my varies country to
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country. The highest value was found around
the Caspian Sea and Persian Gulf which was
more than 10%. But in case of α -thalassemia
which is very rare and has no clear report of
the prevalence for the country as a whole.[2] To
differentiate between beta thalassaemia trait
(BTT) and iron deficiency anaemia (IDA), it is
very much needed to estimation of HbA2,
peripheral blood film, serum ferritin, iron,
TIBC (total iron binding capacity) levels and
transferrin saturation.[3] Disorders interfering
with the formation or rate of production of
hemoglobin (Hb) may result in reduction in
mean red cell Hb and corpuscular volume
(MCV) with resultant hypocromia and
microcytosis.[4,5] To ensure the correct
diagnosis a full clinical history is very
important. Determination of red blood cell
(RBC) indices by electronic cell counters
represents the first step in the population for
mass screening for BTT. And the the second
step which is due to exclude IDA, is the
Measurement of serum ferritin level in
screened subjects with microcytosis and/or
hypocromia. The next step is the diagnosis of
BTT by quantitation of HbA2 (>3.5%). But
these measurements are expensive for public
health economy and are not suitable in
countries with high prevalence of microcytosis
and hypocromia.[6,7,8,9] Many authors have
calculated the sensitivity and specificity of
these indices to differentiate between IDA and
TT.[10] RDW is the first index of the routine
blood cell count to become abnormal during
the development of iron deficiency.[11] Few
discrimination indices calculated from red
blood cell count and red blood cell indices are
defined and works for rapid discrimination
between BTT and IDA. Red cell distribution
width index (RDWI) and RDW is considered to

be
reliable
discrimination
index
in
differentiation of BTT and IDA.[7,12,13] The
objective of this study is to evaluate the
diagnostic value of RDWI for Differentiation of
Iron
Deficiency
Anaemia
and
Beta
Thalassaemia Trait.
MATERIAL AND METHODS
The study was a cross-sectional descriptive
study which was conducted in Department of
Clinical
Pathology,
Bangladesh
Shishu
Hospital and Institute, Dhaka, Bangladesh.
Total 110 patient of both sexes with microcytic
hypochromic anaemia (46 case with IDA and
64 case with BTT) were selected for this study.
A definitive differentional diagnosis between
IDA and BTT is based on the results of serum
iron levels, serum ferritin and hemoglobin
separation. IDA was based on low serum iron
and serum ferritin(<30 μg/dl, <15 ng/ml
respectivly). Patients already on nutritional
supplements, having long standing illness or
on medication interfering with micronutrient
metabolism (e.g. antiepileptic drugs such as
acetazolamide, carbamazepine and clobazam,
Aspirin and Antacids containing Magnesium
hydroxide) and patients who were diagnosed
with or having a family history of
haematological
disorders
other
than
thalassemia were excluded from the study. The
detail of the study was explained to each
eligible respondent and consent was taken. 2
ml peripheral venous blood samples were
collected under sterile conditions in an EDTA
tubes and another 2 ml venous blood collected
in the other tubes without anticoagulant for
serum separation. Serum was separated within
3 hours of collection. After collection, the data
were checked and cleaned, followed by
editing, compiling, coding and categorizing
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according to the objectives and variable to
detect errors and to maintain consistency,
relevancy and quality control. The RBC count,
the measurements of Hb, MCV, MCH, MCHC,
RDW,RDWI and packed cell volume
(PCV/Haematocrit)
were
obtained
by
haematology analyser: Sysmex Automated
Haematology Analyzer (Model:XN1000) and
Mythic -22 using reagent Kits (Diluent,
Cleaner, Lytic). Serum iron and ferritin was
measured by Enzyme Linked Immunosorbent
Assays (ELISA) using reagent kits (IMMULITE
and IMMULITE 1000 system). Differentiation
between IDA and BTT were done by using red
cell distribution width (RDW) and red blood
cell distribution width index (RDWI), these
were calculated from parameters provided by
automated analyzer. Collected data were
edited and analyzed according to the objectives
and variables by IBM software- Statistical
package for Social Science (SPSS 26) version.
Ethical clearance was taken from the IRB of the
institution.

Among them 46 cases were identified as BTT
and 64 were IDA.
[Table 1] shows that 72.72 % of respondents
were aged 1 to 10 years old, while 10% were
aged 11 to 20 years old and 10% were aged 21
to 30 years old. 4.54 % were between the ages
of 31 to 40, as well as those over 40. The
average age (SD) was 22.0 ± 32.52.
[Table 2] shows among all the respondents
46.4% were female and 53.6% were male.

RESULTS

[Table 3] shows the Mean±SD haemoglobin
level was found 8.9 ±1.0 gm/dl in case of IDA
and 10.3 ± .09 gm/dl in cases of BTT. Mean±SD
RBC level was found 4.24 ± 0.76 (1012/L) in case
of IDA and 5.35 ± 0.72 (1012/L) in cases of BTT.
Mean±SD MCV level was found 72.6 ±6.3 (fl) in
case of IDA and 61.8 ± 6.0 (fl) in cases of BTT.
Mean±SD MCH was 23.0 ± 2.9 pg in case of
IDA and 20.0 ±3.0 in case of BTT patients.
Mean±SD MCHC was 30.9 ± 2.1 gm/dl in case
of IDA and 31.2 ± 2.0 in case of BTT patients.
The mean value of RWD in case of BTT found
15.9 ± 3.1 and 18.0 ±2.5 in case of IDA.

This study was conducted in Department of
Clinical
Pathology,
Bangladesh
Shishu
Hospital and Institute, Dhaka, Bangladesh.
Total number of the respondents were 110.

[Table 4] shows the differential values of RDW
in favour of IDA >14 and in favour of BTT <14
and RDWI in favour of IDA >220 and in favour
of BTT <220.

Table 1: Distribution of the respondents according to Age.
Age (years)
n=110
%
1-10
80
72.72
11-20
10
10
21-30
10
10
31-40
5
4.54
>40
5
4.54

Mean ± SD
22.0 ± 32.52
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Table 2: Distribution of the respondents according to sex of the patients
Sex
n
%
Male
59
53.6
Female
51
46.4
Table 3: Different values of red blood cell parameters in case of IDA and BTT patients.
Test
Cases
Mean ± SD
Hb (gm/dl)
BTT
10.3 ± .09
IDA
8.9 ±1.0
RBC (1012/L)
BTT
5.35 ± 0.72
IDA
4.24 ± 0.76
MCV (fl)
BTT
61.8 ± 6.0
IDA
72.6 ±6.3
MCH (pg)
BTT
20.0 ±3.0
IDA
23.0 ± 2.9
MCHC (gm/dl)
BTT
31.2 ± 2.0
IDA
30.9 ± 2.1
RDW (%)
BTT
15.9 ± 3.1
IDA
18.0 ±2.5
Table 4: Value of discrimination indices used in evaluation of IDA BTT.
Indices
In favour of IDA
RDW (%)
>14
RDWI (MCV X RDW / RBC)
>220
Table 5: Sensitivity, specificity, PPV, NPV
and IDA
Indices
Differential
value
RDWI (MCV x RDW/ RBC) <220
>220
RDW (%)
<14
>14

In favour of BTT
<14
<220

and YI of two discrimination indices in diagnosis of BTT
Cases
(%)
BTT
IDA
BTT
IDA

[Table 5] shows, RDWI had both sensitivity
and specificity more than 81% in detection of
BTT and IDA. Sensitivity, specificity of RDWI
index for detection of BTT was found 81.0%,
83.8%. In case of IDA, sensitivity and
specificity was found 83.8% and 81.0%
respectively. On the other hand the sensitivity,
specificity of RDW for BTT cases were found,

Sensitivity
(%)
81.0
83.8
18.0
83.5

Specificity
(%)
83.8
81.0
83.5
18.0

PPV
(%)
81.0
81.6
48.0
44.10

NPV
(%)
83.0
81.0
44.10
48.0

18.0%, and 83.5% respectively and for IDA
sensitivity was 83.5% and specificity was
18.8%.
DISCUSSION
IDA and BTT are the most frequent conditions
associated with mild microcytic anemia.
Microcytic anemias have different prognoses
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and treatments, so differential diagnosis is
important in clinical practice. The initial step in
diagnosing microcytic anemias is to examine
blood smear samples and use cell counters to
calculate erythrocyte indices.
The sample size of the recently conducted
study was 110. Among them 46 cases were
identified as BTT and 64 were IDA.The recent
conducted study shows that among 110
respondents 46.4% were female and 53.6%
were male. 72.72% respondents were aged
between 1-10 years and 4.54% were aged
between 31-40 years and also more than 40
years of age. Mean (±SD) age was 22.0 ± 32.52.
Another study found a total of 129 patients
with microcytic anemia were involved in a
retrospective study, 80 with IDA and 49 with
BTT.[14] The mean value of RDW, found in IDA
and BTT were 18.8±2.5 SD and 15.9±3.1SD
respectively. The sensitivity, specificity of
RDW in detection of BTT were found, 18.0%
and 83.5% and for IDA sensitivity was 83.5%
and specificity was 18.0%. RDWI had both
sensitivity and specificity more than 80% in
detection of BTT and IDA. Sensitivity,
specificity of RDWI index for detection of BTT
was found 81.0%, 83.8%. In case of IDA,
sensitivity and specificity was found 83.8% and
81.0% respectively. Which is reliable
discriminator between β thalassaemia trait and
iron deficiency anaemia. This results are
similar with another study by Demir et al,[7]
and Sirdah et al.[13]
The differentiation between IDA and BTT is
important because if BTT is misdiagnosed as
IDA and treated, it will not normalize in
MCV.[8] A better of tests, including calculation
of HbA2, peripheral blood film, serum ferritin,
iron, TIBC (total iron binding capacity) levels,

and transferrin saturation, is required to
distinguish between beta thalassaemia trait
(BTT) and iron deficiency anemia (IDA).[3]
However, these approaches are relatively
expensive, time demanding, and specialized.
Electronic cell counters can successfully
identify microcytosis caused by IDA and BTT
using red blood cell volume distribution
(RDW) curves.[16]
In this study, RDWI came out as good
discriminators between BTT and IDA, had
both sensitivity and specificity more than 80%
in detection of BTT and IDA. Sensitivity,
specificity of RDWI for detection of BTT was
found 81.0%, 83.8%. In case of IDA, sensitivity
and specificity was found 83.8% and 81.0%
respectively. On the other hand the sensitivity,
specificity of RDW for BTT cases were found,
18.0%, and 83.5% respectively and for IDA
sensitivity was 83.5% and specificity was
18.8%. These results are consistent with the
findings of Nesa A et al.[17]
In contrast, a study conducted by Matos et al.
reported that RDW was significantly higher in
IDA and can be a useful parameter in the
discrimination between RDW and IDA.
Piriyakhuntorn et al. also conducted an
interesting study with a large sample size in
Thailand, and concluded that an RDW value of
> 21% is a useful in the differentiation between
the two.[18,19]
We suggest that geographical area and ethnic
differences may influence the molecular
spectrum of BTTs and might explain the
variations in findings between studies. Based
on the high sensitivity, specificity, PPV, and
NPV results from both sets of patients, the
RDWI is expected to perform well as a
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screening tool for patients with hypochromic
microcytic anemia to differentiate case between
BTT and IDA.

Recommendation

CONCLUSIONS

This study can serve as a pilot to a much larger
research that can provide a nationwide picture
to ensure better management and adherence.

From this study it can be concluded that,
RDWI appears to be reliable and useful index
for initial screening and differationtiation of
IDA and BTT.

I am very grateful to many colleagues for their
thorough, helpful and usually prompt
response to requests for their opinion and
advice.
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