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Background: The two most frequent types of microcytic hypochromic 

anemia in developing countries are beta thalassemia trait ( -TT) and 

iron deficiency anemia (IDA). Several indices using blood cell count 

parameters have been suggested to differentiate between two. 

Aim of study: In this study, we compared the ability of different three 

indices (Mentzer index, RDWI and MCI) to distinguish -TT from IDA 

by calculating their sensitivity, specificity, positive predictive value 

(PPV), negative predictive value (NPV) and Youden’s index values. 

Methods: A total of 98 carefully selected children aged 1.0–17 years 

were evaluated. We calculated 3 discrimination indices in all patients 

with hemoglobin (Hb) values of 3.8–11.7 g/dL. None of the subjects 

had a combined case of IDA and -TT. The patient groups were 

evaluated according to red blood distribution width index; the Mentzer 

index and Matos and Carvalho index (MCI). 

Results: The Mentzer index was the most reliable index, as it had the 

highest sensitivity (96.06%), specificity (82.98%), and Youden’s index 

(79.04%) for detecting -TT; this was followed by the RDW index 

(87.23%, 86.27%, and 73.5%, resp.) and MCI (91.49%, 80.04%, and 

71.53%). 

Conclusion: The Mentzer index provided the highest reliabilities for 

differentiating -TT from IDA. 

 
                 Copy Right, IJAR, 2018,. All rights reserved. 

…………………………………………………………………………………………………………… 

Introduction:- 
Anemia affects about 800 million children and women world-wide. The most common causes of anemia are iron 

deficiency anemia (IDA) and - thalassemia trait ( -TT).
(1–3)

 According to World Health Organization (WHO) 

estimates in 2004, IDA resulted in 273,000 deaths and the loss of 19.7 million disability-adjusted life years, 

accounting for 1.3% of the global total, with 97% occurring in low- and middle-income countries.
(3,4) 

 

Anemia resulting from lack of sufficient iron to synthesize hemoglobin is the most common hematological 

disease in infants and children. It has been estimated that 30% of the global population suffers from iron 

deficiency anemia (IDA), and most of those affected live in the developing countries. 

 

Microcytic anemia in a case of thalassemia results from impaired globin chain synthesis and decreased 

hemoglobin (Hb) synthesis, resulting in microcytosis and hypochromia; 1.5%of the world’s population carries 

genes for -thalassemia 
(5)

. Individuals with the beta thalassemia trait ( - are usually asymptomatic and may be 
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unaware of their carrier status unless diagnosed by testing. -TT is the most common type of hemoglobinopathy 

transmitted by heredity. It is estimated that about 50% of the world’s population with -TT are in Southeast Asia; 

it is also common in the Mediterranean region, the Middle East, Southeast Asia, Southwest Europe, and Central 

Africa 
(6)

. Due to the migration and intermarriage of different ethnic populations, -TT is found in people with no 

obvious ethnic connection to the disorder. A definitive differential diagnosis between -TT and IDA is based on 

the result of HbA2 electrophoresis, serum iron levels, and a ferritin calculation 
(7)

. 

 

A number of studies have revealed that derived red cell indices including red cell distribution width (RDW) can 

be very helpful in differentiation of anisocytosis caused by IDA or --TT and a recently added red cell 

distribution width index (RDWI) provide valuable help to the attending physician.
(8-10)

 RDWI is more 

advantageous as all the discriminating factors including RBC count, MCV (mean corpuscular volume) and 

RDW are incorporated in its formula.
(11)

 Derived indices like an index of RDW can be calculated using the 

automated blood cell counters for differentiation between IDA and -TT. The RDW measures the average RBC 

size variation, calculated by the RBCs histogram and is calculated as a standard statistical value, the coefficient 

of variation of the volume distribution. According to few studies, RDW is the first index to become abnormal in 

iron deficiency.(12-14) A rather improvised index, RDWI has proven to be a reliable discrimination index in the 

differentiation of -TT and IDA. 
(11)

 According to the ROC curve, the RDWI conferred with a cut off value of 

220 to discriminate between IDA and -TT. If the index is <220, the patient is tabulated as -TT patient, while 

values >220 classified as a IDA. 
(11)

 

 

The Mentzer index is calculated using mean corpuscular volume and red blood cell count. If (MCV (fl) / RBC 

count (millions per microliter)) is less than 13, -TT is said to be more likely. If the result is greater than 13, then 

iron-deficiency anaemia is said to be more likely. 
(15) 

 

The adjusted formula of the new index was Matos and Carvalho index (MCI). According to the ROC curve, the 

MCI conferred with a cut off value of 23.85 to discriminate between IDA and -TT. If the index is <23.85, the 

patient is tabulated as an IDA patient, while those with >23.85 are classified as a -TT. 
(15) 

 

In this study, we compared the ability of different 3indices (Mentzer index, RDWI and MCI) to distinguish -TT 

from IDA by calculating their sensitivity, specificity, positive predictive value (PPV), negative predictive value 

(NPV) and Youden’s index values. 

 

Subjects, Material and Methods:- 

Present cross-sectional study was conducted at Pathology department of a Children Teaching Hospital from 

January 2018 to July 2018 at Karbala city. We retrospectively analyzed 98 children with microcytic anemia 

(mean age: 7.87 ± 4.87 years, range: 1–17 years). Samples were obtained from 48 boys and 50 girls with no 

clinical symptoms of acute or chronic inflammation or infectious diseases. None of them had received a 

transfusion or had an acute bleeding episode in the previous month. The samples were obtained during the 

course of routine analysis and collected in EDTA anticoagulant tubes. Red blood cell (RBC) count and red 

blood cell distribution width (RDW) were assessed on a Sysmex – XP 300 Hematology Analyzer. 

 

Serum iron (SI), serum iron binding capacity, serum ferritin, and HbA2 values were determined in all children. 

HbA2 was detected by high-performance liquid chromatography (Bio Rad D10). SI and total iron binding 

capacity (TIBC) were determined by CoBas Integra 400 plus, and ferritin was measured by CoBas e 411 

Analyzer. Serum ferritin level of <10 μg/dl was taken as cut off for diagnosis of iron deficiency anaemia. The 

increase in HbA2 levels (>3.5%) is the most significant parameter for identifying beta thalassemia carriers. 
(16)

 

Patients with -TT and concomitant iron deficiency may show normal HbA2 levels. 
(17)

Therefore, none of the 

subjects in the present study had both IDA and -TT. 

 

The 3 discrimination indices used in the evaluation were calculated and are summarized in Table 1. Sensitivity, 

specificity, positive predictive value (PPV), negative predictive value (NPV), and Youden’s index were 

calculated for each measure. The results were analyzed statistically by using SPSS version 16.0. An independent 

sample -test was performed to detect differences between the two groups of anemic children. values < 0.05 were 

considered significant. 
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Table 1:- Different RBC indices and mathematical formulas used to differentiate between -TT and IDA. 

Hematological index Formula 

Mentzer index (MI) MCV/RBC 

RDWI MCV × RDW/RBC 

MCI (1.91×RBC)+(0.44×MCHC) 

 

Results:- 

Hematological parameters: 

The median and interquartile ranges of CBC parameters for the 98 patients ( -TT and IDA groups) enrolled in 

the study were calculated. RBC, Hb, and MCHC values for -TT patients were significantly higher than those 

observed for IDA patients whereas MCH, RDW and the platelet count were significantly lower than those 

observed for IDA patients. Hematological parameters of the two study groups are shown in Table 1. 

 

Table 2:- Hematological parameters of study groups. 

parameter   -TT (n:51)   IDA ( n:47) p- value 

 Range mean±SD Range mean±SD  

RBC(×10
6
l)  4.5 – 7.6 5.9 ± 0.62 2.6 – 5.2 3.3 ± 0.57 < 0.05 

Hb  (gm dl)  8.6 – 11.7 10.4 ± 0.83 3.8 – 11.3 8.1 ± 1.9 < 0.05 

MCV (fl) 45.5 –75.2 63.1 ± 5.9 44.5 – 76 62.5 ± 7.3 < 0.05 

MCH (pg) 11.2 – 24.2 17.5 ± 3.4 12.7 – 28.8 19.9 ± 2.6 < 0.05 

MCHC (gm dl) 29.7 – 34.2 31.6 ± 1.1 22.9 – 33.3 27.9 ± 2.7 < 0.05 

RDW (%) 13.6 – 27.4 16.7 ± 2.7 10.8 – 29.8 19.5 ± 4.0 < 0.05 

Platelets(10
3
/L) 151 – 525 340 ± 82.2 197 – 835 426.8 ± 162.2 < 0.05 

 

Validation of the indices: 

The values of each index required to distinguish between -TT and IDA and the number and proportion of 

correctly identified patients (true positives) calculated using these indices are shown in Table 3. 

 

Table 3:- Results obtained from each discrimination index and correctly identified number of the children. 

   Total number  

Indices -TT (  : 51) IDA (  : 47) of correctly Correctly 

(cutoffs)   diagnosed diagnosed (%) 

   children  

Mentzer     

-TT < 13 49 8 88 (49+39) 89.8% 

IDA > 13 2 39   

RDWI     

-TT < 220 44 6 85 (44+41) 86.7% 

IDA > 220 7 41   

MCI     

-TT < 23.85 41 4 84(41+43) 85.7% 

IDA > 23.85 4 43   

As indicated in Table 4, none of the indices studied demonstrated 100% precision in recognizing -TT. 

 

The Mentzer index showed good sensitivity, specificity, and Youden’s index values of 96.06%, 82.98%, and 

79.04%, respectively. When the Mentzer index was calculated, 98 children with microcytic anemia (89.8%) 

were correctly diagnosed. 

 

Red cell distribution width index showed the sensitivity and specificity of 87.23% and 86.27%, respectively 

with Youden’s index of 73.5% (Table 4). Matos and Carvalho index showed higher sensitivity (91.49 %) but a 

lower specificity (80.04%) and Youden’s index (71.51%) (Table 4). 
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Table 4:- Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and 

Youden’s index of three indices to discriminate between -TT and IDA in 98 children. 

Indices Sensitivity% Specificity% PPV% PPV% Youden’s 

     index 

Mentzer      

-TT 96.06 82.98 85.96 95.12  

IDA 82.98    79.04 

96.06 95.12 85.96  

RDWI      

-TT 86.27 87.23 88.00 85.42  

IDA     73.50 

87.23 86.27 85.42 88.00  

MCI      

-TT 80.04 91.49 91.11 84.31 71.53 

     

IDA 91.49 80.04 84.31 91.11  

 

Discussion:- 
-TT and IDA are among the most common types of microcytic anaemia encountered by pediatricians. 

Distinguishing -TT from IDA has important clinical implications because each disease has an entirely different 

cause, prognosis, and treatment. Misdiagnosis of -TT has consequences for potential homozygous offspring. Up 

to now, many investigators have used different mathematical indices to distinguish -TT from IDA using only a 

complete blood count. This process helps to select appropriate individuals for a more detailed examination; 

however, no study has found 100%specificity or sensitivity for any of these RBC indices. Our data (Table 

showed significant differences between the hematological and biochemical parameters of -TT and IDA children. 

 

The differentiation between -TT and IDA, requires Hb A2 estimation by HPLC, examination of a peripheral 

blood film, serum ferritin, iron, TIBC, and transferrin saturation. But being relatively expensive and time 

consuming, it is preferred to rely on simple and already available information. Many investigators have used 

different mathematical indices to distinguish -TT from IDA using complete blood count. This process helps to 

select appropriate individuals for a more detailed examination. 

 

According to our data, the Mentzer index (Table 4), of the index was very high (96.06%) for identifying -TT 

patients had the highest Youden’s index for correctly distinguishing -TT and IDA at 79.04%.When the Mentzer 

index was calculated, 89.8% of children with microcytic anemia were correctly diagnosed, this comparable to 

other studies. 
(8,18) 

 

Red cell distribution width (RDW) (Table 2) is provided in CBCs by the automated analyzers and can be 

utilized in the association with a derived value RDWI to distinguish IDA and -TT.
(19)

RDWI denotes 

anisocytosis, its value is increased in IDA, and it is near normal or mildly increased in – 

RDWI came out as good discriminator between TT and IDA. The sensitivity and specificity of RDWI in the 

detection of -TT were found 86.27% and 87.23%, respectively and the sensitivity and specificity for the 

detection of IDA were 87.23% and 86.27%, respectively. These results are consistent with the findings of other 

relevant studies.
(8,14,20)

 

 

MCI (Table 4) was also evaluated for discriminating between IDA and - This formula produced high sensitivity 

and excellent diagnostic accuracy. MCI also revealed high PPV (84.31%), showing good applicability as a 

screening tool in the clinical practice. An important result obtained for MCI is the high sensitivity to detect IDA 

(91.49%). As sensitivity is a parameter that indicates the proportion of individuals correctly identified with the 

disease, the high sensitivity of the MCI in the detection of IDA indicates that it is a good tool to identify this 

disorder.
(21)
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Conclusion:- 
In closure, the automated cell-count-based indices, particularly the Mentzer index, RDWI and MCI are easily 

available and reliable methods for detecting IDA & differentiating it from -TT. According to our results, the 

sensitivity and Youdens index was the highest with the Mentzer index. Both RDWI and MCI, the new indices 

also showed very high sensitivity and PPV. 

 

Recommndation:- 
These appearing to be a reliable and useful index for initial screening of microcytic hypochromic anemia. This 

would result in a significant cost saving for the health system, especially advantageous in underdeveloped and 

developing countries with limited financial resources. 
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