
INTRODUCTION:
Anemia resulting from lack of sufficient iron to
synthesize hemoglobin is the most common
hematological disease in Pakistan. The World Health
Organization (WHO) estimates that worldwide, 42% of
pregnant women, 30%  of non-pregnant women (aged
15-50 years), 47% of preschool children (aged 0-5 years)
and 12.7% of men older than 15 years are anemic.1  The
most commonly encountered disorders with mild
microcytic anemia are iron deficiency anemia (IDA)
and ß-thalassemia trait (ßTT).2 Iron deficiency anemia
is most commonly associated with inflammatory bowel
diseases, pregnancy, menstruation, lactation, surgery,
physical trauma, vegetarians and children who drink
more than 16-24 ounces a day of cow milk.3 Without
enough iron, body cannot produce enough hemoglobin
in red blood cells that enables them to carry oxygen.4

On the other hand, ß-thalassemia trait is a hereditary
microcytic hypochromic anemia characterized by the
production of abnormal hemoglobin. Approximately,
1.5% of the world’s population is a carrier for

ß-thalassemia trait.  It is a carrier state in which only
one allele is mutated. Individuals with the ß-thalassemia
trait are usually asymptomatic and may be unaware of
their carrier state unless diagnosed by investigations.5

It is the most common type of hemoglobinopathy
transmitted genetically. According to one study, 8 million
people are carriers of thalassemia in Pakistan.6

It has been observed that the CBC (Complete Blood
Count) results of both these types of microcytic anemia
usually overlap. Traditional approach followed by most
general practitioners is a trial of iron treatment which
imposes  a significant burden on global healthcare.7 A
definitive differential diagnosis between ß-TT and IDA
is based on the result of HbA2 electrophoresis, serum
iron levels, and a ferritin calculation.8 Many formulas
have been proposed by researchers having the ability
to differentiate iron deficiency anemia from ß-thalassemia
trait (Table-1). These formulas include a minimum of
two CBC parameters in various combinations. The only
purpose of using CBC indices  for the discrimination
of   microcytic hypochromic anemia is to reduce
unnecessary investigation cost of iron therapy and
problems of iron overload.9 It is simple and inexpensive
tool to give a clue to differentiate both diseases and
identify patients who require follow up and counseling.10

In outpatient department (OPD) of one local hospital
especially in Pakistan where resources are limited, the
exclusion of thalassemia minor could be achieved
mathematically using the CBC indices.11 In this study,
Mentzer’s index (MI), Shine and Lal index (S and L
index) and Ehsani formula were applied on the CBC
report of these identified microcytic hypochromic
patients.12

METHODOLOGY:
This retrospective descriptive study was conducted at
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Dar-ul-Sehat Hospital, Gulistan-e- Johar, Karachi for a
period of 1 year from January 2014-December 2014.
We retrospectively analyzed Blood CBC of 2480 patients
who came to the OPD for various problems. None of
them had received a transfusion or had an acute bleeding
episode in the previous month. Patients included were
males, females and children (less than 14 years of age).
Blood samples were collected in EDTA anticoagulant
tubes. Automated cell counter was used for CBC test at
Dar-ul-Sehat Laboratory for hematological testing.
Patients of Microcytic Hypochromic anemia were
identified after analyzing CBC reports using WHO
standard cutoff values.13 Hematological indices were
then calculated for each case so as to make differential

diagnosis of patients either as iron deficiency anemia
or ß-Thalassemia Trait.

RESULTS:
Among 2480 patients who reported to the OPD, 900
patients were males, 1200 females and 380 children.
Their CBC report was analyzed retrospectively for
identification of anemia. It was found that 385 (13.55%)
patients were suffering from hypochromic microcytic
anemia. These included 44 males (6.74%), 300 females
(33.33%) and 41 (14.48%) children (Table-2).
We applied Mentzer’s index (MI), Shine and Lal index
(S and L index) and Ehsani formula on the CBC report
of these identified microcytic hypochromic patients.
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According to Mentzer’s index, 41 (93%) men presented with IDA, 3 men (7%) presented with ß-TT (7%), 293 females
(97.66%) presented with IDA, 7 (2.33%)  females presented with ß - TT, 37 (90.24%) children presented with IDA,

4 children (9.75%) presented with ß- TT

Table: 2
Data of patients included for CBC report

S.
No

1

2

3

Number of
Patients
(N=2840)

Male
900

Female
1200

Children
380

Age Range

(Years)

15-60

15-60

Less than 14

Normal

652

900

283

Mic rocy t i c
Hypochromic
Anemia

44

300

41

Percentage
(%)

6.74%

33.33%

14.48%
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Table: 1
Hematological Indices and Mathematical Formula used to differentiate between IDA and ß-TT14

Mentzer index (MI)
RDWI
Shine and Lal (S and L)
Srivastava
Green and King (G and K)
Sirdah
Ehsani
England and Fraser (E and F)
Ricerca
MDHL
MCHD

MCV/RBC
MCV × RDW/RBC
MCV × MCV × MCH/100
MCH/RBC
MCV × MCV × RDW/Hb × 100
MCV - RBC - (3 × Hb)
MCV - (10 × RBC)
MCV - (5 × Hb) - RBC - 3.4
RDW/RBC
(MCH/MCV) × RBC
MCH/MCV

Hematological index Formula

MDHL index: Mean Density of Hb/Liter of blood; MCHD index: Mean cell Hb Density



DISCUSSION:
Differentiation of iron deficiency anemia from
thalassemia minor is clinically significant because each
disease has entirely different etiological factors,
management, genetic counseling and dietary plan. In
addition to genetic counseling, in case of thalassemia
carriers, iron therapy is warranted because the thalassemia
heterozygote should not be given iron to normalize
MCV.15 Health experts claim that approximately 5000
children are diagnosed with Thalassemia major every
year in Pakistan. On the other hand iron deficiency
anemia is more common in children and adult women
especially during reproductive time period. Diagnosis
of ß-Thalassemia trait is established by the presence of
characteristic RBC microcytosis and elevated levels of
serum iron (SI), transferrin saturation (TS) and ferritin
with increased levels of HbA2.16 Decreased levels of
SI, TS and ferritin with increased levels of SBC are the
main diagnostic criteria for IDA.17 A variety of formulae
and indices have been proposed to facilitate the screening
procedure of iron deficiency anemia and ß-thalassemia

trait like Mentzer’s index, England and Frasen, Shine
and Lal, and Ehsan and Shrivastve formulae.18 These
formula can be taken as the most reliable and predictive
for differential diagnosis of iron deficiency anemia from
ß-Thalassemia trait by simply considering CBC.
Moreover, these can be helpful in preventing the fatal
disease, ß-Thalassemia major.19 Different RBC indices
can correctly identify 61-91% of patients with microcytic
anemia.20

In our study, we successfully applied three formulae on
large number of patients coming to Dar-ul-Sehat hospital
and diagnosed to have microcytic anemia so as to
differentiate them into IDA and ß-TT.
Results of our study indicated that 54.55% of the
population including male, female and children were
suffering from microcytic hypochromic anemia and
application of these various formulae on the CBC indices
of these patients successfully identified patients of IDA
and ß-TT.
In 2009, Ehsani et al showed that the best discrimination
index according to Youden’s criteria was the Mentzer
index (90.1%), followed by Ehsani index (85.5%).21
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Table: 3
Differential Diagnosis of Patients based on Mentzer’s

Index (MI)

Gender

Male

Female

Children

IDD

41

293

37

Percentage

(%)

93 %

97.66%

90.24%

ß-TT

3

7

4

Percentage

(%)

7%

2.33%

9.75%

Table: 4
Differential Diagnosis of Patients based on Shine and Lal

(S and L) index

Gender

Male

Female

Children

IDD

39

292

38

Percentage

(%)

88.63 %

97.33%

92.68%

ß-TT

5

8

3

Percentage

(%)

11.36%

2.66%

7.31%

According to Shine and Lal index (S and L index), 39 (88.63%)
men presented with IDA, 5 (11.36 %) men presented with
ß -TT, 292 (97.66%) females presented with IDA, 8 (2.66%)
females presented with ß-TT. Children who had IDA were
38 (92.68%) and those with possible ß-TT were 3 (7.31%)

According to Ehsani’s formula, men presented with IDD
were 41(93.1%), presented with ß-TT were 3 (6.8%), women
who suffered from IDA were 296 (98.6%), had ß-TT were
4(1.3%), children who were found to have IDA were
39(95.1%) and possibly had ß-TT were 2 (4.8%).

Gender

Male

Female

Children

IDD

41

296

39

Percentage

(%)

93.1 %

98.6%

95.1%

ß-TT

3

4

2

Percentage

(%)

6.8%

1.3%

4.8%

Table: 5
Differential Diagnosis of Patients based on Ehsani’s formula
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According to our results, percentage of patients diagnosed
varied with various formulae. None of the formula was
found superior to other in terms of percentage.
In 2007, Saud et al in their research work applied nine
formulae of RBC indices on a population of 153
confirmed cases of microcytic anemia and measured
validity using Youden’s index. They found that the E
and F index had the highest Youden’s index (98.2%),
specificity and sensitivity in correctly differentiating
IDA and Thalassemia minor patients.22 Fakher and
Bijan23 also applied various formulae on 323 confirmed
cases of microcytic anemia and showed that the S and
L index had the highest Youden’s index (89%) in patients
younger than 10 years of age while RDW and RBC
indices have the highest Youden’s index 93% and 90%
respectively in patients older than 10 years of age.
Nitaios et al used six indices for differentiation between
373 patients of microcytic anemia and found that G and
K index had the highest reliability, followed by E and
F, RBC Count, MI and RDWI. RDW completely failed
to differentiate between IDA and TT.24

Beyan et al in 2007 identified 66 cases of ß-TT and
45 cases of IDA. Patients and groups were evaluated
according to RBC, MI, S & L, E & F, S I, G & K and
Ricevca index. They concluded that none of these
formulae is superior in differentiating IDA from ß-TT
and total body iron and HB A2 level should be obtained
for accurate differential diagnosis.25 The results of our
study were in accordance to the results of Beyan et al.
All formulae used should have a good sensitivity score
so as to detect maximum number of patients and these
should be able to eliminate as many other patients as
possible to avoid false positive results. The formulae
we have used have high sensitivity and specificity as
confirmed by various researchers.26

CONCLUSION: 
According to our study, these hematological indices can
be useful for differential diagnosis of ß-TT from IDA
by simply considering CBC report. This can be helpful
in preventing ß-thalassemia major disease and iron
overload in future.
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