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ABSTRACT

Objective: To check diagnostic accuracy of reliable hematological indices for
differentiation between beta thalassemia trait and iron deficiency anemia in pediatric
patients

Methodology: This Cross-sectional study was conducted at Department of Pediatric,
KRL Hospital, Islamabad Pakistan during July 2024 to December 2024. Children of age
2-12 years with microcytic anemia (Hb < 12.0 md/dL and low MCV < 74 fL) presenting
to Pediatric OPD or admitted in pediatric wards were included. Blood complete picture
for hemoglobin, MCV, RBC count, serum ferritin levels and Hb electrophoresis advised
in all children. Diagnostic accuracy metrics of hematological indices including Mentzer
index (MI), RBC count, RDW index, Srivastav Index (SI), Sirdah index, Ehsani Index (EI),
England and Fraser index (EFI) and Ricerca Index (RI) were checked for detecting and
differentiating type of anemia.

Results: From 377 children with microcytic anemia, 240 (63.7%) were confirmed to have
iron deficiency anemia (IDA) while 137 (36.3%) were confirmed as having Beta
Thalassemia trait (BTT). The mean Hb of IDA and BTT children were 9.23 + 0.83 and
9.62 £ 0.83 respectively (p=0.652), whereas MCV was 63.08 = 4.37 and 58.23 = 5.20 fL,
respectively (p=0.011). Statistically significant difference was noted in RBC count and
serum ferritin levels between IDA and BTT diagnosed children (p<0.005). The sensitivity
ranged from 68.75% (Srivastav Index) to 95.83% (Ricerca Index), while specificity
varied between 43.79% (Ricerca Index) and 76.64% (Ehsani and Sirdah Indices) with the
Ehsani Index demonstrating the highest accuracy (79.56%,).

Conclusion: Ricerca Index had highest sensitivity 95.83% whereas Ehsani and Sirdah
Indices had highest specificity of 76.64%.

Keywords: Hb electrophoresis, Iron deficiency Anemia, Mentzer Index, Ricerca Index,
Thalassemia

INTRODUCTION

Iron deficiency anemia (IDA) and thalassemia are common hematological disorders of red blood cells in
pediatric age groups and remains a global public health concern for developing countries.! As normal human
hemoglobin (Hb) consists of two alpha and two beta hemoglobin chains, defective synthesis of one or more
globin chains of hemoglobin results in Thalassemia, which is an inherited disorder of red blood cells
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(RBCs).? It includes alpha thalassemia due to defect in one or more alpha chains and beta thalassemia due to
defective synthesis of one or more beta globin gene. B-thalassemia trait (BTT) or thalassemia carrier is
absence or reduction of one beta chain leading to mild anemia with no or minimal symptoms.? According to
published data, the overall prevalence of beta thalassemia trait in Pakistan is 5.0-7.0% with more than 10
million carriers across the country.* Thalassemia is suggested by the presence of microcytic anemia with
anisopoikilocytosis with nucleated RBCs on peripheral film and confirmed by reduction or absence of
hemoglobin A (HbA) and increased hemoglobin A, (HbA») on electrophoresis.’

Iron is one of the essential components for hemoglobin production and deficiency of iron due to dietary
deficiency, absorption impairment or increase body demand leads to anemia which is microcytic like
thalassemia.® Iron deficiency anemia (IDA) is most common hematological disorder with overall prevalence
of 39.8% in developed countries and up-to 48.1-70% in developing countries like Pakistan in pediatric age
group.” According to National Nutritional Survey of Pakistan (2018-2019), the prevalence of IDA in
pediatric age group was 28.9%.8

BTT and IDA are similar in clinical presentation and morphology but differ in terms of management and
prognosis.’ Blood indices including MCV, MCHC, Red blood cell count (RBC count), Red cell distribution
width (RDW) index, serum ferritin levels, total iron binding capacity (TIBC), Mentzer index (MI), Srivastav
Index (SI), Ehsani Index (EI), England and Fraser index (EFI) and Hb electrophoresis are among the most
common hematological indices to evaluate and differentiate between IDA and BTT.!°

Beta thalassemia trait and IDA being common but different disorders in terms of treatment, therefore,
screening and differentiation of these two is deemed important, as these require long-term management and
monitoring. To the author’s knowledge, there are limited data available on local population in differentiating
IDA and BTT. Hence, the rationale of this study was to observe different hematological indices and ascertain
most reliable indices to differentiate accurately between IDA and BTT to further plan care and management
strategies by doctors and parents both.

Methodology

It was a Cross-Sectional Study, done in the Department of Pediatrics, KRL Hospital, Rawalpindi, Pakistan,
from july 2024 to Dec 2024 over period of 6 months following approval of the Ethical committee of KRL
Hospital Islamabad. The sample size 377 was calculated using the WHO sample size calculator taking a
confidence interval of 95%, a margin of error of 5%, and a reported prevalence of microcytic anemia in
developing countries ' like Pakistan of '57% in a study by Lubna et al in Zia-u-din Hospital
Karachi.''Consecutive non-probability sampling technique was used. Total 517 children with anemia
reported to pediatric OPD and ward during study period and 400 children fulfilling inclusion criteria were
included in study after scrutiny. Total 377 patients were included in final analysis as during course of
admission and data collection, 23 patients were either needed iron therapy or diagnosed to have bleeding
disorder were excluded.
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Inclusion Criteria:

Patients of age group 2-12 years with anemia (Hb < 11.0 md/dL) on complete blood picture with low MCV
presenting to Pediatric OPD or admitted in pediatric wards were included.

Analysed (n=240) Analysed (n=137)

Excluded from analysis (n=9)

Figure 1: Patient Flow Diagram (n=377)

Exclusion Criteria:

All patients of age below 2 or above 12 years, macrocytic anemia with high MCV and MCH, bleeding
disorder, admitted due to surgical cause or had recent surgical intervention, patients on oral or IV iron
replacements, or history of recent blood transfusion were excluded. Patients found to have any other form of
Hemoglobin defect such as alpha thalassemia, carrier state for Hemoglobin C disease, Sickle cell disease or
Hemoglobin SC on electrophoresis were excluded from the study.

All patients were advised blood complete picture including peripheral blood film and Hb electrophoresis.
Hematological indices including Mentzer index (MI), RBC count, RDW index, Srivastav Index (SI), Sirdah
index, Ehsani Index (EI), England and Fraser index (EFI) and Ricerca Index (RI), Hb electrophoresis for HbA»
and HbF were noted for all patients. Results of all indices were compared in reference to baseline cut off

values (Table-I) in all patients to differentiate BTT from IDA reliable on hematological index. '

Table-I Different Hematological Indices to differentiate IDA and BTT

Hematological Indices BTT IDA
RBC Count ( in Millions) >5.5 <5.5
RDW Index: MCV x RDW/RBC <220 > 220
Serum Ferritin (ng/mL) > 15 <15
Mentzer Index (MI): MCV/RBC <13 >13
Srivastav Index (SI): MCH/RBC <3.8 >3.8
Ricerca Index (RI): RDW/RBC >4.4 <44
Sirdah Index MCV-RBC-(3 x Hb) <27 >27
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Ehsani Index: MCV — (10 x RBC) <17 > 17
England and Fraser Index (EFI): <0 >0
MCV — (5 x Hb)—-RBC-3.4
Data were entered in Statistical Package for Social Sciences version 25 (SPSS v25) for analysis. Variables
including age, gender, Hb levels, MCV, RBC count, RDW index, serum ferritin levels, Mentzer index
(MI), Srivastav Index (SI), Ricerca Index (RI), Ehsani Index (EI), England and Fraser index (EFI) and Hb
electrophoresis for HbA, and HbF were analyzed. Categorical variables were presented as frequencies and
percentages whereas continuous variables as mean + SD. The sensitivity and specificity of hematological
indices to reliably differentiate between BTT and IDA was also calculated. The statistical significance was
checked using independent samples t-test and p-value of < 0.05 was taken as statistically significant.

Results:

Total 377 children with microcytic anemia were included in among which based on the gold standard tests
i.e. Serum ferritin and Hb electrophoresis, 240 (63.7%) were confirmed to have iron deficiency anemia (IDA)
while 137 (36.3%) were confirmed as having Beta Thalassemia trait (BTT). The mean age of IDA and BTT
children was 5.91 + 3.50 years and 5.65 + 2.32 years respectively (p=0.402). The mean Hb of IDA and BTT
children were noted as 9.23 + 0.83 g/dL and 9.62 + 0.83 g/dL respectively (p=0.652), whereas MCV was
63.08 + 437 fL and 58.23 £ 5.20 fL in IDA and BTT children respectively (p=0.011). Statistically
significant difference was noted in RBC count and serum ferritin levels between IDA and BTT labelled
children (p<0.005) as shown in table-II.

Table-11: Basic Parameters of Studied Patients (n=377)

Parameter Iron Deficiency | Beta Thalassemia | p-value
Anemia (IDA) Trait (BTT)
(n=240) (n=137)
Age (mean years + SD) 5.91+3.50 5.65+2.32 0.402
Hemoglobin (mean g/dL &+ SD) 9.23 +£0.83 9.62 +0.83 0.652
MCYV (mean {L + SD) 63.08 +4.37 58.23 +£5.20 0.011
RBC Count (mean x 10%L £ SD) 4.33 £0.55 6.01 £ 0.70 < 0.005
Ferritin (mean ng/mL + SD) 28.91 +£10.70 101.95 +26.30 < 0.005

Eight hematological indices were calculated for all patients to check diagnostic accuracy metrics for
differentiating IDA and BTT. The frequencies of true positive and negative patients in comparison to gold
standard has been summarized in table-III.

Table-1I1: Comparison of True Positive and Negative (TP & TN) and False Positive and Negative (FP
& FN) for each Index (n=377)

Hematological Index TP FN TN FP p-value
Mentzer Index | IDA 184 (76.7%) 56 (23.3%) |99 (72.3%) 38 (27.7%) | 0.064
BTT |99 (72.3%) 38 (27.7%) | 184 (76.7%) | 56 (23.3%)
RDW Index IDA 177 (73.8%) 63 (26.3%) | 103 (75.2%) | 34 (24.8%) | 0.539
BTT | 103 (75.2%) 34 (24.8%) | 177 (73.8%) | 63 (26.3%)
RBC Count IDA 181 (75.4%) 59 (24.6%) |97 (70.8%) |40 (29.2%) | 0.058
BTT |97 (70.8%) 40 (29.2%) | 181 (75.4%) | 59 (24.6%)
Srivastav Index | IDA 165 (68.8%) 75 (31.3%) |93 (67.9%) |44 (32.1%) | 0.730
BTT |93 (67.9%) 44 (32.1%) | 165 (68.8%) | 75 (31.3%)
Ehsani Index IDA 194 (80.8%) 46 (19.2%) | 105 (76.6%) | 32 (23.4%) | 0.059
BTT | 105 (76.6%) 32 (23.4%) | 194 (80.8%) |46 (19.2%)
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England & |IDA | 179 (74.6%) | 61 (25.4%) | 86(62.8%) |51 (37.2%) | <0.005

Fraser Index | BTT | 86 (62.8%) 51 (37.2%) | 179 (74.6%) | 61 (25.4%)

Sirdah Index | IDA | 188 (78.3%) |52 (21.7%) | 105 (76.6%) | 32 (23.4%) | 0.453
BTT | 105(76.6%) |32 (23.4%) | 188(78.3%) | 52 (21.7%)

Ricerca Index | IDA | 230 (95.8%) | 10 (4.2%) | 60(56.2%) | 77 (43.8%) | <0.005
BTT | 60 (56.2%) 77 (43.8%) | 230 (95.8%) | 10 (4.2%)

The ability of different indices to identify IDA or BTT correctly were evaluated. The sensitivity ranged from
68.75% (Srivastav Index) to 95.83% (Ricerca Index), while specificity varied between 43.79% (Ricerca
Index) and 76.64% (Ehsani and Sirdah Indices). The Ehsani Index demonstrated the highest accuracy
(79.56%), followed closely by the Sirdah Index (78.14%) and the Ricerca Index (78.05%). The diagnostic
accuracy metrics of different indices have been summarized in the Table-1V.

Table-IV Diagnostic Accuracy Metrics (%) of different Hematological Indices to differentiate IDA and

BTT (n=377)

Hematological Indices Sensitivity [Specificity PPV PV Accuracy
(%oage) (%oage) (%age) bage) (%oage)

Mentzer Index (MI) 76.66 72.26 82.88 .89 76.64
RDW Index (RDWI) 73.75 75.18 83.88 .06 75.04
RBC Count Index 75.41 70.80 81.88 18 74.00
Srivastav Index (SI) 68.75 67.88 78.94 37 69.86
Ehsani Index (EI) 80.83 76.64 85.85 Sl 79.56
England and Fraser Index (EFI)[74.58 62.77 77.83 .50 72.24
Sirdah Index 78.33 76.64 85.46 .90 78.14
Ricerca Index (RI) 05.83 43.79 7491 |71 78.05
Discussion

Iron deficiency anemia (IDA) and beta thalassemia trait (BTT) are two most commonly clinical presentation
of microcytic anemia and differentiation between these two are significant because both are different in
terms of etiology, evaluation, medical as well as dictary management, and genetic counselling. The
hematological indices have diagnostic importance for differentiating IDA from BTT, hence diagnostic
performance of eight hematological indices for such purpose was assessed in this study. It was observed that
the sensitivity ranged from 68.75% (Srivastav Index) to 95.83% (Ricerca Index), while specificity varied
between 43.79% (Ricerca Index) and 76.64% (Ehsani and Sirdah Indices). The Ehsani Index demonstrated
the highest accuracy (79.56%), followed closely by the Ricerca Index (78.05%) and the Sirdah Index
(78.14%). In a similar study by Vehapoglu et al it was observed that England and Fraser index showed
highest specificity of 85.3% followed by Mentzer Index 82.3%.!3

In our study, Mentzer index correctly diagnosed IDA with sensitivity of 76.7% and specificity of 72.3%. In a
study by Abbas et al demonstrated that Mentzer index correctly diagnosed 90.24% children as having IDA
and 9.75% had BTT. Also Ehsani index diagnosed 95.1% children with IDA and 4.9% with BTT.!* In our
study, RDWI index had sensitivity and specificity of 75.2% and 72.3% respectively. Similarly in a study by
Jameel et al, RDWI was reported as a useful index for IDA and BTT differentiation with sensitivity and
specificity of RDWI 89% and 94% respectively.'

The Ricerca Index achieved the highest NPV (85.71%), and the Ehsani Index exhibited the highest PPV
(85.85%), highlighting their potential clinical utility in identifying BTT and ruling out IDA, respectively.
Bhargava et al concluded three best indices for IDA and BTT differentiation including Ricerca index, Green
and King index followed by Mentzer index. He also explained that Mentzer index is considered to be a
reliable index however Ricerca index has better diagnostic accuracy for said purpose.'® Similar findings were
noted in a study by Dunzenli et al in which RDWI and RBC count showed highest sensitivity and specificity
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for differentiation between IDA and BTT followed by England and Fraser Index, Sirdah index and Srivastav
index.!”

Hoffman et al demonstrated the diagnostic accuracy of hematological indices with Index26 having having
highest specificity (92.9%) followed by Ehsani index (89.1%), England and Fraser index (86.6%), Mentzer
index (86.2%) and Ricerca index (82.8%).!® However, in our study Ehsani index and Sirdah index found to
have highest specificity of 76.6%. Similar results were found in another study by Nerune et al in which it
was concluded that RDWI had highest sensitivity of 90% with 77 % specificity followed by England and
Fraser index that was noted to have sensitivity and specificity of 85% and 80% respectively.!” Mukhtar et al
concluded England and Fraser index being best discriminative mathematical index for IDA versus BTT with
Youden index of 0.91 followed by Ricerca index and RDW index.?°

Noulsri et al explained in his study that Shine and Lal index being the best hematological index to
differentiate between IDA and BTT with sensitivity and specificity of 86.2% and 83.2% respectively,
followed by Srivastava index having sensitivity of 80.6% and specificity of 74.1%. He also observed that
Ehsani index had 74.6% sensitivity and 80.6% specificity and Mentzer index being lowest among these four
indices with sensitivity of 73.13%.2! The findings of our study were in accordance with other published
studies and data, which actually underscore the variable performance of hematological indices and the
importance of selecting the most appropriate metric for clinical decision-making.

Conclusion

It was observed that no hematological index is 100% accurate to differentiate between IDA and BTT but
Ricerca Index had highest sensitivity 95.83% whereas Ehsani and Sirdah Indices had highest specificity of
76.64%. In addition, Ehsani Index demonstrated the highest accuracy (79.56%) for correctly differentiating
between IDA and BTT. Gold standard laboratory investigations are necessary to diagnosis and differentiate
between IDA, BTT and other types of anemia in association with hematological indices.

Limitations

Conducting the study at a single center and a limited sample size are amongst the major limitations of the
study. The effects of other causes of microcytic anemia were excluded from current study. The results
therefore cannot be generalized to other demographics.
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