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ABSTRACT: Beta Thalassemia trait (BTT) is one of the
heterozygousconditionsn where a single beta globin chain is
affected, resulting in microcytic hypochromic anemia. [1,2,3] The
estimated mean prevalence of BTT in India is around 3%. [4,5,6]
Discrimination between iron deficiency anemia and BTT still remains

Article History as a diagnostic challenge, since both conditions share similar
Vqu_me 6, Issue 5, 2024
Received: 22 May 2024 hematological abnormalities. [7,8,9] Definitive diagnosis and
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O IOADATIRRIBS 65202 Spds-azsa screening of BTT often help in establishing a suitable therapeutic

strategy as well as in creating awareness among individuals. Hence in
our study we have attempted to utilize the automated analyzer based
red cell parameters and derived mathematical indices in detection of
BTT. Our study results showed that there is a positive correlation
between RBC count and age with HbA2 levels. .Hematological
parameters such as MCV, RDW were found to be sensitive in
distinguishing BTT from other microcytic anemias. Shine and Lal
index showed the highest sensitivity of 98.7% and Srivatsava index had

the maximum specificity of 96.1% in predicting BTT.
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INTRODUCTION:

Beta thalassemia trait, a hereditary blood disorder caused by mutations in the beta-
globin gene, leads to reduced hemoglobin production and subsequent microcytic
hypochromic anemia. [10,11] Although often asymptomatic, BTT’s clinical significance lies
in its potential to be misdiagnosed as iron deficiency anemia or other forms of microcytic
anemia, making accurate diagnosis crucial for appropriate management and genetic
counseling. [12,13,14] The diagnosis of BTT typically involves hematological analysis, with
red cell indices playing a vital role. Red cell indices provide critical insights into the
morphology and size variation of erythrocytes. However, relying solely on these indices
may not always suffice given the overlap with other microcytic anemias. This necessitates
the utilization of derived hematological formulas that combine multiple red cell indices to
enhance diagnostic accuracy. Several formulas have been developed to distinguish BTT

from other microcytic anemias, including the Menzter index and Shine and Lal index. These
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formulas leverage specific red cell parameters to create diagnostic thresholds that aid in the
differentiation of BTT. This study aims to evaluate the effectiveness of red cell indices and
derived formulas in diagnosing BTT in adult population .Based on this objectives of this
study is to evaluate sensitivity and specificity of red cell parameters and derived indices for
the differentiation of BTT from non-BTT groups and also to evaluate the association of
HbA2 with specific hematological parameters (RBC,MCV, MCH and RDW) in Beta
Thalassemia trait individuals.

METHODOLOGY:

A retrospective hospital based observational study was conducted for a total of 200 adult
patients aged above 18 years who visited our hospital over a period of two years (March 2022-
March 2024). The study was approved by institutional scientific review board , Approval
number 141/04/2024/SRB/SMCH.

Patients with mild to moderate reduction in hemoglobin level corresponding to their age
group were selected with a lower limit of 8.0 g/dl and with microcytic hypochromic anemia
with MCV less than 80 fl were included in the study. Patients with Hemoglobin level less than

8.0 g/dl, Chronic disease or infection and history of previous blood transfusions were excluded

Sample collection and statistical analysis : For the cases meeting the above selection criteria
the required data were collected from the medical records. 2ml of EDTA samples were
collected by using a vacutainer system and a complete hemogram was done by using
SYSMEX XN-1000, 6 part hematology analyzer. The 2-level controls were run daily and the
instruments were maintained according to the instructions of the manufacturer. HbA2
estimation by High performance liquid chromatography was done using BIO-RAD D-10
analyzer. Four mathematically derived red cell indices, Mentzer index, Shine and Lal index,
Srivatsava index and Sehgal index were utilized in this study. Descriptive analysis and
hypothesis testing were done by appropriate statistical tests by using commercially available

statistical software packages.

RESULTS:

TABLE I:Baseline characteristics of our study:

BTT Non- BTT group
Variables group

Mean SD Mean SD
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RBC[x10%] 5.50 0.72 4.18 0.43
Hb[gm%] 10.57 1.60 9.41 0.70
Hct[%)] 31.08 4.38 33.96 4.38
MCVIfl] 61.78 6.15 69.73 9.64
MCH][pg] 19.28 2.58 23.65 9.73
MCHC[gm%] | 31.18 1.89 31.02 1.18
RDW-SD[%)] 37.56 4.00 41.74 6.30
PLT[10%L] 288 79.31 319.92 111.73
HbA2(HPLC) | 5.04 0.42 2.40 0.39
Mentzer index 11.48 2.35 16.88 3.28
index

Srivastava index | 3.58 0.79 5.84 331
index

Shine and Lal| 763.22 306.09 1132 318.27
index

Lal

Sehgal index 721.15 23441 1203.25 342.67
index

Table Il depicts the original cut off value of the red cell indices using mathematical formulae

as described by authors in various literatures among BTT and non BTT groups and are utilized

in our present study for interpretation.

Table IlI: Cut off values of RBC indices utilized among BTT group:

Variables BTT Non-BTT
Mentzer index <13 >13
Srivastava index <3.8 >3.8
Shine and lal index <1530 >1530
Sehgal index <972 >972

The sensitivity and specificity of Mentzer index was 79.2% and 92.2 %, and that of

Srivatsava Index was 71.6 % and 96.1% respectively, with a statistically significant p value of
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<0.05. Similarly the sensitivity and specificity of Shine and Lal and Sehgal indices were 98.7%

and 9.8%, 89.3 % and 78.4% respectively and also showed statistically significant p value of

<0.05. We found highest sensitivity for Shine and Lal index and maximum specificity for

Srivatsava index. (Table I11)

TABLE 11 :Sensitivity,Specificity,PPV,NPV of various red cell indices utilized in our study:

Variables | Sensitivity| Specificity| PPV | NPV | Youden Correctly p-value
[%0] [%] [%] [[%] | index[%] identified
cases
Mentzer | 79.2 92.2 96.7 | 60.3 | 71.4 75.33 <0.001
index
Srivastava| 71.6 96.1 98.1 | 53.8 | 67.7 71.33 <0.001
index
Shine and | 98.7 9.8 76.2 | 71.4 |85 98.0 <0.001
Lal
Sehgal 89.3 78.4 924 (114 | 67.7 62.66 <0.001
index

PPV-Positive Predictive value,NPV-Negative Predictive value.

Table IV and Figure 1 depicts the Receiver Operating Characteristic (ROC) curves of

different RBC indices along with Area under Curve of different indices used in our study. The

Area Under Curve for Mentzer, Srivatsava and Sehgal indices were almost close to 1 with AUC
of 0.994, 0.992, 0.936 and 0.881 for Shine and Lal index
Table IV: Receiver operative characteristic curves of different RBC indices along with

Area under Curve of different indices used in our study:

Variables Area under | Standard Asymptomatic | Asymptomatic 95%
the curve error 2 Sig confidence interval
Lower bound Upper
bound
Mentzer 0.994 0.003 0.000 0.988 1.000
index
Srivatsava 0.936 0.016 0.000 0.904 0.968
index
Shine and Lal | 0.881 0.026 0.000 0.830 0.932
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Figure 1 - ROC curves of the different indices under study

T
08

Source of the Curve

— Seghal index(MCV x MCV)
RBC

Mentzer index(MCV/RBC)
Srivastava ( MCHRBC)
Shine and Lal
(MCVXMCVxMCH/100)
Reference Line

Table V and Figure 2 depicts the correlation of Hb A2 with various variables like Age,
RBC count, MCV, MCH and RDW and were found to be statistically significant with p-value
of <0.05. We found that Age of the patient and RBC count had positive correlation with HbA2
with r value of 0.2668 and 0.5891 respectively and observed that variables MCV, MCH and
RDW showing negative correlation with HbA2 with r value of -0.3886, -0.2716 and -

0.3281respectively.

TABLE V:Pearson correlation with HbA2 and other parameters:

Variables HPLC[HbA2%] [r value] p-value
Age 0.2668 =0.0001
MCV -0.3886 <0.0001
MCH -0.2716 =0.0001
RDW -0.3281 <0.0001
RBC 0.5891 <0.0001
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Figure 2 : A - Correlation between HbA2 and RBC. B - Correlation between Hb A2 and RDW-
SD. C - Correlation between HbA2 and Age. D - Correlation between HbA2 and MCV.

DISCUSSION:

The findings in our study highlight the diagnostic utility of red cell indices and derived
formulae in distinguishing BTT from other forms of microcytic anemia. Our cohort consisted
of 200 cases with a balanced gender distribution and significant number of BTT cases
compared to non-BTT cases which is concordant with other studies. [15,16,17 ] The
statistically significant differences observed in RBC count, MCV, MCHC, RDW and platelet
values underscore the unique hematological profile associated with BTT and is similar to the
studies done by Claude et al, Bhukhanvala D et al and Parthasarathy V et al. [18,19,20]

The mean RBC count was significantly higher in the BTT group compared to the non-
BTT group and this aligns with the known compensatory mechanism in BTT where increased
erythropoiesis maintains RBC numbers despite ineffective hemoglobin production. Similarly,
the higher mean hemoglobin concentration in the BTT group versus the non-BTT group
supports the presence of mild anemia typical of BTT rather than the more severe forms seen in
Several studies from Indian have found the similar

other anemias.

observations.[21,22,23]

region
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Our data also revealed that MCV, MCH, MCHC values were lower in the BTT group
which is consistent with microcytic hypochromic anemia characteristic of this condition.
Conversely the RDW was higher in the non-BTT group reflecting greater variability in red cell
size which is less typical in BTT. The elevated HbA2 levels in the BTT group is a definite
marker which reinforces the diagnostic importance alongside traditional red cell indices. The
ROC curves for Mentzer, Srivatsava and Sehgal indices demonstrated areas under the curve
close to 1 with statistically significant sensitivity and specificity with p value <0.05 which
indicates that the utility of combined indices can effectively distinguish BTT from other forms
of microcytic anemia. But studies done by other authors had conflicting results. [24,25 ]

Shine and Lal index stands out with higher sensitivity and Srivatsava index with
maximum specificity in diagnosing BTT, however these findings differed from other authors
[26,27 ] and this could be region specificity. The study also explored correlations between
patient demographics and hematological parameters with HbA2 levels and we found a positive
correlation between patient age and RBC count with Hb A2 which reflects the compensatory
response to maintain adequate oxygen transport despite the reduced efficiency of hemoglobin
in BTT. On the other hand MCV, MCH and RDW showed a negative correlation with HbA2

levels consistent with microcytic hypochromic nature of the red cells in BTT.

CONCLUSION:

Though HPLC analysis of hemoglobin remains the gold standard test for the diagnosis of
Beta Thalassemia trait, red cell parameters and derived indices by automated counters can be
utilized as a feasible tool in the detection of cases. These readily available parameters can be
considered as an inexpensive method for mass screening of the population, which would
enable the selection of samples for further analysis to confirm the diagnosis. We found that
the RBC count, MCV, RDW and indices, particularly Shine and Lal and Srivatsava could be

considered as sensitive markers in discriminating BTT from other microcytic anemias.
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