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Abstract:

Background: Hemoglobinopathies, including beta thalassemia, sickle cell disease, sickle cell trait, and
hemoglobin E (HbE) disorders, are significant public health concerns in Eastern India.

Aim: This study aims to evaluate the differences in red blood cell (RBC) indices among patients with common
hemoglobinopathies in Eastern India to aid in accurate diagnosis and management.

Methods: A cross-sectional study was conducted on 600 patients diagnosed with various hemoglobinopathies
from 2021 to 2023 at Hitech Medical College and Hospital, Rourkela. Mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) were analyzed.
Results: Sickle cell trait (HbAS) was most prevalent (40%), followed by beta thalassemia (30%), sickle cell
disease (20%), and HbE disorders (10%). RBC indices were significantly lower in beta thalassemia, intermediate
in HbSS and HbE, and nearly normal in HbAS.

Conclusion: RBC indices offer valuable diagnostic insights for differentiating hemoglobinopathies. The higher
prevalence of HbAS highlights the need for enhanced screening and genetic counseling in Eastern India.
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Introduction

The assessment of hemoglobinopathies and symptoms  but may  occasionally  cause
thalassemia, which are among the most common complications under extreme physiological stresses
inherited blood disorders worldwide, relies critically [4,5].

on red blood cell (RBC) indices [1]. These indices,
which include mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), and mean
corpuscular hemoglobin concentration (MCHC),
serve as fundamental diagnostic tools [2].
Hemoglobinopathies, characterized by abnormal
hemoglobin structures, and thalassemia, involving
impaired hemoglobin production, pose significant
public health challenges, particularly in regions like

This study extends its focus to include these two
conditions, considering their significant impact on
RBC indices. Patients with HbSS often show
markedly lower MCV and MCH due to the presence
of deformed and rigid cells, while those with HbAS
generally exhibit normal indices, complicating the
differential diagnosis without specific tests [6]. The
inclusion of sickle cell evaluations in this study

Southeast Asia where these conditions are highly
prevalent [3].

Among the various types of hemoglobinopathies,
sickle cell disease (HbSS) and sickle cell trait
(HbAS) are particularly notable. Sickle cell disease,
a severe form resulting from homozygous mutation
(HbSS), leads to the production of rigid, sickle-
shaped red blood cells that can obstruct capillary
blood flow, causing pain, severe anemia, and organ
damage. Sickle cell trait (HbAS), the heterozygous
form of the disease, typically presents without
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reflects the need for a comprehensive approach to
diagnosing and managing hemoglobinopathies in
Eastern India—a region with a diverse genetic
background and varying prevalence of these
disorders [7,8].

The goal of this expanded study is not only to
differentiate between the effects of various
hemoglobinopathies on RBC indices but also to
enhance the understanding of how these conditions
affect populations in endemic regions, potentially
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guiding improved treatment strategies and public
health policies.

Materials and Methods

Study Design and Duration: This cross-sectional
study was conducted over a period from 2021 to
2023. It aimed to assess the differences in RBC
indices among patients diagnosed with various
hemoglobinopathies including beta thalassemia,
hemoglobin E (HbE) disorders, sickle cell disease
(HbSS), and sickle cell trait (HbAS).

Study Setting: Research was carried out at Hitech
Medical College and Hospital, Rourkela, which
provided access to a diverse patient population
presenting with a range of hemoglobinopathies.

Participants: A total of 600 patients were included
in the study through a convenience sampling
method. This group comprised individuals
diagnosed with beta thalassemia, HbE disorders,
sickle cell disease, and sickle cell trait. Diagnoses
were confirmed based on preliminary clinical
assessments and detailed hemoglobin
electrophoresis.

Data Collection: Data on Red Blood Cell indices—
specifically mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), and mean
corpuscular hemoglobin concentration (MCHC)—
were collected for each participant. These metrics
were obtained using automated hematology
analyzers, which are standard in clinical laboratories
to ensure accuracy and  reproducibility.
Additionally, sickle cell screening was conducted
using the sickle solubility test followed by
confirmatory hemoglobin electrophoresis.

Diagnostic Criteria: The diagnosis of specific
hemoglobinopathies was confirmed through
hemoglobin electrophoresis and, where necessary,
genetic analysis. The analysis aimed to identify
mutations characteristic of beta thalassemia, HbE-
related disorders, HbSS, and HbAS.

Statistical Analysis: Data were analyzed using
statistical software. Descriptive statistics were
employed to summarize the RBC indices across the
different hemoglobinopathies. Comparative
analyses were conducted using ANOVA or Kruskal-
Wallis tests, depending on the data distribution, to
identify significant differences in RBC indices
among the disorders. A p-value of less than 0.05 was
considered statistically significant.

Results

The study analyzed 600 patients diagnosed with
various hemoglobinopathies at Hitech Medical
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College and Hospital, Rourkela, from 2021 to 2023.
The distribution of hemoglobinopathies was as
follows: sickle cell trait (HbAS) (40%), beta
thalassemia (30%), sickle cell disease (HbSS)
(20%), and hemoglobin E (HbE) disorders (10%).

Red Blood Cell Indices Data:

The mean RBC indices across the different
hemoglobinopathies were:

Sickle Cell Trait (HbAS):

e Mean Corpuscular Volume (MCV): 80.0 fL
(SD £2.0)

e Mean Corpuscular Hemoglobin (MCH): 27.0
pg (SD £ 1.5)

e Mean Corpuscular Hemoglobin Concentration
(MCHC): 33.0 g/dL (SD + 1.0)

Beta Thalassemia:

e Mean Corpuscular Volume (MCV): 68.5 fL
(SD+4.2)

e Mean Corpuscular Hemoglobin (MCH): 21.3
pg (SD +2.8)

e Mean Corpuscular Hemoglobin Concentration
(MCHC): 31.2 g/dL (SD £ 1.5)

Sickle Cell Disease (HbSS):

e Mean Corpuscular Volume (MCV): 76.0 {fL
(SD +3.0)

e Mean Corpuscular Hemoglobin (MCH): 24.0
pg (SD £2.5)

e Mean Corpuscular Hemoglobin Concentration
(MCHC): 30.0 g/dL (SD + 2.0)

Hemoglobin E Disorders:

e Mean Corpuscular Volume (MCV): 72.1 fL
(SD+5.1)

e Mean Corpuscular Hemoglobin (MCH): 23.7
pg (SD +3.5)

e Mean Corpuscular Hemoglobin Concentration
(MCHC): 32.5 g/dL (SD £ 1.9)

Statistical Analysis: Comparative analysis showed
significant variations in RBC indices among the
groups (p < 0.05 for all). Patients with sickle cell
trait showed indices closest to normal ranges. Beta
thalassemia presented with distinctly lower MCV
and MCH values compared to  other
hemoglobinopathies. Sickle cell disease indices
were intermediate between sickle cell trait and beta
thalassemia, while hemoglobin E disorders showed
moderate reductions in RBC indices compared to
normal values, aligning with their lower prevalence
in the population.
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Figure 1: The graph showing the Red Blood Cell (RBC) indices across different hemoglobinopathies. It
compares the Mean Corpuscular Volume (MCV), Mean Corpuscular Hemoglobin (MCH), and Mean
Corpuscular Hemoglobin Concentration (MCHC) for each condition.

Discussion

This study highlights significant differences in RBC
indices among various hemoglobinopathies
prevalent in Eastern India, providing valuable
insights for clinical diagnosis and management. The
highest prevalence observed was in patients with
sickle cell trait (HbAS), characterized by RBC
indices closest to normal, which is consistent with
its typically asymptomatic presentation. This finding
underscores the importance of precise diagnosis
since HbAS carriers often remain undiagnosed,
potentially affecting genetic counseling and family
planning decisions. Beta thalassemia showed
markedly reduced RBC indices, including mean
corpuscular volume (MCV) and mean corpuscular
hemoglobin (MCH), clearly distinguishing it from
other hemoglobinopathies. These pronounced
changes in RBC indices result from defective
hemoglobin  synthesis, leading to severe
microcytosis and hypochromia, and emphasize the
need for targeted therapeutic and supportive
interventions.

Patients with sickle cell disease (HbSS) presented
intermediate RBC indices between sickle cell trait
and beta thalassemia, reflecting the disease's
moderate impact on erythrocyte morphology. The
intermediate positioning of HbSS highlights its
clinical heterogeneity and the necessity for
individualized patient management strategies to
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mitigate complications associated with sickle cells,
such as vaso-occlusive crises and hemolytic anemia.
Hemoglobin E (HbE) disorders exhibited
moderately reduced RBC indices, aligning with their
lower prevalence in the study population. The milder
alterations in RBC indices in HbE disorders
compared to beta thalassemia suggest less severe
disruption in  hemoglobin production, thus
necessitating  different clinical ~management
approaches. Recognizing these variations aids
clinicians in refining diagnostic accuracy and
enhances the effectiveness of screening programs,
ultimately improving patient outcomes in regions
with high hemoglobinopathy prevalence.

Several studies across India and Southeast Asia have
explored the hematological profiles associated with
hemoglobinopathies and their diagnostic
implications.

A retrospective study by Zhang et al. (2022) in
Chinese patients with beta thalassemia reported
significantly lower MCV and MCH values,
consistent with the findings of our study and
reinforcing the diagnostic value of red cell indices in
thalassemia detection [9].

Kumar et al. (2021) compared red cell indices in
differentiating beta thalassemia trait from iron
deficiency anemia and noted the importance of
screening using indices such as MCV and MCH for
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efficient early detection and distinction, similar to
our emphasis on microcytic hypochromia in
thalassemia [10].

A multicenter study by Mohanty et al. (2013)
reported the prevalence of hemoglobinopathies
including beta thalassemia, HbE disorders, and
sickle cell disorders across six cities in India. Their
findings align with our regional observations,
although our study reflects a slightly higher
proportion of sickle cell trait cases [11].

In Odisha, Mishra et al. (2018) emphasized the role
of High-Performance Liquid Chromatography
(HPLC) in diagnosing hemoglobinopathies in
pediatric populations, reinforcing the need for
advanced diagnostic methods alongside basic red
cell indices for accurate classification [12].

Future studies should focus on incorporating larger,
multi-centric datasets to confirm the trends observed
in this study and assess regional variations in
hemoglobinopathy prevalence. There is also a need
to integrate molecular diagnostic techniques such as
gene sequencing with red blood cell indices for
better classification and understanding of
hemoglobinopathies. The development of cost-
effective and rapid diagnostic kits using RBC
indices could further strengthen public health
screening programs, especially in resource-limited
areas. Additionally, longitudinal studies tracking the
progression of hemoglobinopathies from childhood
to adulthood can provide insights into the clinical
impact and burden of these conditions, guiding
personalized treatment strategies.

Conclusion

This study emphasizes the critical role of red blood
cell indices in the preliminary diagnosis and
differentiation of hemoglobinopathies. It highlights
the higher prevalence of sickle cell trait in Eastern
India and outlines the hematological distinctions
among sickle cell disease, beta thalassemia, and
HbE disorders. By analyzing these patterns, the
study supports the use of routine hematological
screening as an effective, accessible diagnostic tool
in endemic regions. Early identification through
RBC indices can aid in better disease management,
genetic counseling, and the implementation of
targeted  intervention  strategies,  ultimately
improving healthcare outcomes for affected
populations.
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