
Correlation Analysis of HbA2 Levels with Erythrocyte 

Index in Beta-Thalassemia Patients at RSUD Dr. H. 

Abdul Moeloek Lampung Province in 2023 

Putu Ristyaning Ayu Sangging1, Fathan Qoriba1, Hendri Busman2, Khairunisa 

Berawi1, Maulana1 

1 Faculty of Medical, Lampung University 
2 Faculty of Mathematics and Natural Sciences, Lampung University 

ristya.ayu@gmail.com 

Abstract. Thalassemia is a genetic disorder that cause impaired hemoglobin 

production. Hemoglobin gets destroyed dua to impaired synthesis of hemoglobin 

chains or globin chains. The purpose of this study was to explore the correlation 

between hemoglobin A2 (HbA2) levels and erythrocyte index in thalassemia 

patients at Dr. H. Abdul Moeloek Hospital, Lampung Province in 2023. This 

study used an analytical observational method with a cross-sectional approach 

with total sampling technique. The number of samples was 39 beta thalassemia 

patients who fit the inclusion and exclusion criteria. The research was conducted 

in September-November 2024 at the Medical Record Installation of Dr. H. Abdul 

Moeloek Hospital Lampung Province. Data were analyzed univariate and 

bivariate with Spearman correlation test to determine the relationship between 

HbA2 and each erythrocyte index. It was found that most subjects had increased 

hbA2 levels (66.7%) and decreased MCV (97.4%) and MCH (92.3%) levels. 

There was a significant correlation between HbA2 levels with MCV (p= 0.001; 

r= -0.525) and HbA2 with MCV (p=0.001; r= -0.508). This study shows that 

increased HbA2 levels correlated with decreased MCV and MCH values in beta-

thalassemia patients, while there is no significant correlation with MCHC. 

Keywords: HbA2, Erythrocyte Index, Beta-thalassemia. 

1 Introduction 

1.1 Background 

Thalassemia patients produce abnormal hemoglobin, leading to anemi and other 

complications. Anemia can be caused by decreased red blood cell production, bleeding, 

red blood cell forming substance deficiency, genetic diseases, hemolysis, 

erythropoietin hormone deficiency and other long-term diseases. There are 3 major 

classes of anemia: hypochrome microcytic anemia, normochrome normocytic anemia 

and macrocytic anemia (Suryani et al., 2016). Thalassemia is classified as hypochrome 

microcytic anemia. Thalassemia can be divided into several types, one of them is beta 

thalassemia, where there is a decrease in the production of beta globin chains. 

  © The Author(s) 2025
S. Hadi et al. (eds.), Proceedings of the 5th International Conference on Applied Sciences, Mathematics, and
Informatics (ICASMI 2024), Advances in Physics Research 13,
https://doi.org/10.2991/978-94-6463-730-4_20

https://doi.org/10.2991/978-94-6463-730-4_20
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6463-730-4_20&domain=pdf


   

According to the World Health Organization (WHO) (2022), more than 8 million 

babies are born with genetic disorders each year worldwide and 11.3% of the 2.68 mil-

lion babies who die are caused by genetic disorders. In Indonesia, thalassemia is one of 

the most common genetic disease that requires special attention in handling such as 

routine blood transfusions and medication to manage symptoms and complications that 

arise (Kemenkes RI, 2018). There were around 5,000 patients in 2011 and an increase 

in 2017 of 9,121 patients (Kemenkes, 2020) while in Lampung there were 147 thalas-

semia children who received routine blood transfusions in 2021 (Puput, 2018). 

Based on the Indonesian Pediatric Association (IDAI) media service guidelines, a 

complete hematological examination including decreased Hb, decreased erythrocyte 

index (MCV, MCH and MCHC, increased RDW), peripheral blood smear preparations 

(microcytes, hypochromes, anisocytosis, poikilocytosis, young erythrocyte cell/normo-

blasts, fragmentocytes and target cell) and Hb electrophoresis (HbA2 increased) are 

used to diagnose thalassemia (Kemenkes RI, 2018). HbA2 is often used as a diagnostic 

marker for beta thalassemia because HbA2 levels are often elevated as a compensatory 

response to deficiency in beta globin chain production (Susanto and Susanti, 2019). 

Another important parameter in the hematological evaluation of thalassemia patients 

is the erythrocyte index, such as Mean Corpuscular Volume (MCV), Mean Corpuscular 

Hemoglobin (MCH) and Red Cell Distribution Width (RDW). MCV measures the av-

erage volume of red blood cells (Susanto and Susanti, 2019), MCH measures the aver-

age amount of hemoglobin in each red blood cell and RDW measures the variation in 

red blood cell size. Changes in erythrocyte indices in thalassemia patients can indicate 

the severity of anemia and the efficacy of therapy (Hieronymus and Titah, 2018). 

Research on the correlation between HbA2 levels and erythrocyte index in thalasse-

mia patients is important to improve the accuracy of diagnosis and management of this 

disease. Understanding the relationship between the two helps clinicians determine ap-

propriate therapy where erythrocyte index is used as a screening test for thalassemia 

types with MCV values for thalassemia major patients of 50-60 fL and MCH 12-18 pg 

(Kemenkes, 2018). Variations in HbA2 levels and erythrocyte index in patients with 

different degrees of severity still require further research to confirm the underlying 

mechanisms and will contribute to clinical guidelines in Indonesia. Developments in 

hematology technology provide opportunities for more comprehensive research (Bran-

caleoni et al., 2016), but in under-resourced remote areas simple and rapid methods are 

still needed for more practical diagnosis (Kemenkes, 2018). 

1.2 Problem Statement 

Based on the background that has been described, the problem formulation in this study 

is whether there is a correlation between HbA2 levels and erythrocyte index in beta 

thalassemia patients? 

1.3 Objectives of the Study 

Based on the problem formulation that has been described, the objectives of the study 

are as follows: 
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1. Knowing the correlation between HbA2 levels and Erythrocyte Index in beta thalas-

semia patients. 

2. To know the level of hbA2 in beta thalassemia patients. 

3. To determine the Erythrocyte Index (MCV, MCH and MCHC) in patients with beta 

thalassemia patients. 

2 Review of Related Literature 

Types of hemoglobin found in normal humans: HbA consists of two pairs of alpha and 

beta globin chains (α2β2), HbA2 consists of two pairs of alpha and delta globin chains 

(α2δ2) and HbF consists of two pairs of alpha and gamma globin chains (α2γ2). HbA 

has the highest composition in blood circulation reaching 97% while HbA2 has 2-3% 

and HbF (Setiati et al., 2014). Beta globin chain synthesis is decreased in beta thalas-

semia due to mutations. There is an increase in HbF and HbA2 and fewer thalassemia 

mutations caused by deletions. Excess globin chains occur due to reduced globin syn-

thesis (Rujito, 2019). 

Thalassemia major is managed with red blood cell transfusions. The purpose of 

transfusion is primarily to suppress erythroid expansion, but it also serves to reduce 

symptoms of anemia and inhibit gastrointestinal absorption of iron. Clinical signs of 

erythroid enlargement, such as facial changes, bone enlargement, and splenomegaly, 

along with severe anemia and growth retardation, are indications for transfusion. Most 

transfusion regimens require a pretransfusion hemoglobin of 9-10 g/dL and a post-

transfusion hemoglobin of 13-14 g/dL. As a result, patients who receive transfusions 

regularly are at risk of iron overload, transfusion reactions and red blood cell antibody 

formation. As a result, it is very difficult to find the right blood donor for the next 

transfusion (Karimi et al., 2014). 

Normal HbA consists of four globin chains referred to as polypeptides consisting of 

two alpha chains and two beta chains. These four chains combine to form four heme 

complexes. The synthesis of beta globin chains is defective in thalassemia beta leading 

to ineffective hematopoiesis and anemia. Thalassemia beta major is associated with 

severe anemia that can cause the kidneys to release erythropoietin, a hormone that stim-

ulates the bone marrow to produce more red blood cells. In addition, erythropoiesis can 

cause hepatosplenomegaly by stimulating extra-modular hematopoiesis tissue in the 

liver and spleen. Increased iron absorption from the gastrointestinal tract is a conse-

quence of anemia that can lead to iron accumulation of 2-5 grams per year (Kumar et 

al., 2015; At-makusuma and Setyaningsih, 2014). 
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a 

Clinical manifestations of thalassemia major are characterized by a mongoloid face, 

incomplete body growth, changes in bones such as deformities and spontaneous frac-

tures and enlarged liver and spleen are early symptoms of thalassemia major which 

usually has severe anemia and appears at the age of 6 to 24 months (Lantip, 2019). 

The structure of Hb consists of two main structures: heme and globin and an addi-

tional structure consisting of four polypeptide chains made up of amino acids bound 

into chains in a specific order. Each heme molecule consists of four heme structures 

with iron at the center and two pairs of globin chains. In erythropoiesis, the polychro-

matic normoblast stage initiates hemoglobin synthesis (Kiswari, 2014). 

 
a 

 
a 

  

236             P. R. A. Sangging et al.



   

In support of diagnosis, one of the parameters of routine blood tests is the erythrocyte 

index test. The calculation of the erythrocyte index is based on data about the erythro-

cyte cell count, hemoglobin level and hematocrit value. It provides information on the 

average volume of erythrocytes, hemoglobin content per erythrocyte and average he-

moglobin concentration. This examination process is used to identify anemia based on 

its morphology and type of anemia (Nugraha and Badrawi, 2018). The erythrocyte in-

dex is used to determine the type of anemia and evaluate the morphology of anemia. 

The calculation values used are (Aini, 2021): MCV, MCH and MCHC. 

2.1 Correlation of HbA2 Level with Erythrocyte Induction in Thalassemia 

Patients 

A complete hematology laboratory examination based on the medical service guide-

lines of the Indonesian Pediatric Association (IDAI) showed that Hb decreased, eryth-

rocyte index (MCV, MCH, and MCHC decreased, RDW increased), peripheral blood 

smear preparations (microcytes, hypochromes, anisocytosis, poikilocytosis, young 

erythrocyte cells/normoblasts, fragmentocytes, and target cells), and Hb electrophoresis 

(increased HbA2) (Susanto and Susanti, 2019). 

The erythrocyte index in thalassemia patients often shows a microcytic hypochromic 

pattern. MCV levels are usually low indicating smaller than normal red blood cell size. 

MCH levels are also usually low indicating a lower amount of hemoglobin per red 

blood cell. Low MCHC levels also indicate a lower amount of hemoglobin per red 

blood cell. This pattern is characteristic of thalassemia and helps in the diagnosis and 

surveillance of the disease (Susanto and Susanti, 2019). 

Measurement of HbA2 levels is one of the important diagnostic tests for beta thalas-

semia. Elevated HbA2 levels can help in identifying individuals who may have beta 

thalassemia even before obvious clinical symptoms appear. Phenotypically, thalasse-

mia carriers manifest in a mild form of the disease characterized by slightly increased 

erythrocyte count, decreased MCV, decreased MCH and characteristic elevated HbA2 

levels, which form the basis of the diagnosis. Elevated HbA2 in thalassemia carriers 

may be the result of transcriptional and sometimes post-translational effects (Al-Amodi 

et al., 2018). 

Most laboratories determine HbA2 levels using quantitative methods such as capil-

lary electrophoresis and high-pressure liquid chromatography (HPLC). In the past, 

HbA2 level of 4% was considered a sign of thalassemia trait. Thalassemia carriers with 

a “borderline level of HbA2”, that is a HbA2 level that is between the upper limit of 

normal and the lower limit typical of thalassemia carriers. Marini's (2023) research on 

HbA2 found that the lowest HbA2 value in iron deficiency anemia was 1.8% and the 

highest HbA2 value was 3.1%. The data showed that 20 out of 20 patients with iron 

deficiency anemia had normal HbA2 levels. In thalassemia, the lowest HbA2 value was 

3.3% and the highest HbA2 value was 9.3% (Colaco and Nadkarni, 2021). 
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3 Research method 

This study was conducted using a descriptive correlational method that aims to deter-

mine the relationship between HbA2 levels and erythrocyte index in thalassemia pa-

tients. This study uses a cross-sectional approach which means that researchers see the 

dynamics of the correlation between the independent variable and the dependent varia-

ble through observation or data collection at once. The data used is secondary data, 

namely medical records where researchers try to determine the relationship between 

the independent variable and the dependent variable. 

This study was conducted in the medical record room of Dr. H. Abdul Moeloek 

Hospital in September-December 2024. The population in this study were all beta tha-

lassemia patients at Dr. H. Abdul Moeloek Hospital in 2023 which amounted to 39 

patients with research samples taken using total sampling technique that met the inclu-

sion and exclusion samples. The inclusion criteria of this study were HbA2 and eryth-

rocyte index data in medical records and beta-thalassemia patients aged 0-18 years (cut 

off age based on IDAI) while the exclusion criteria were incomplete or illegible medical 

records. 

4 Research Finding and Discussion 

4.1 Univariate analysis 

In the univariate analysis that has been done, there are 39 beta thalassemia patients at 

Dr. H. Abdul Moeloek Hospital in 2023. The distribution of subject characteristics is 

divided by age, gender and frequency of transfusion. In the age category, most subjects 

were aged 11-15 years as many as 17 subjects (43.6%), followed by the age range 16-

18 years with 9 subjects (23.1%), age 6-10 years with 8 subjects (20.5%) and age 0-5 

years with 5 subjects (12.8%). Based on gender, there were more females with a total 

of 20 subjects (51.3%) while for transfusion frequency, 17 subjects (43.6%) underwent 

transfusion once every 2 weeks, 16 subjects (41%) underwent transfusion once every 3 

weeks and 6 subjects (15.4%) underwent transfusion once every 4 weeks. 

Table 1. Patient Characteristics. 

 Research 

Subject 

Frequency Percentage 

Age 0-5 years 5 12.8% 

 6-10 years 8 20.5% 

 11-15 years 17 43.6% 

 16-18 years 9 23.1% 

 Amount 39 100% 

 

Gender Males 19 48.7% 

 Female 20 51.3% 

 Amount 39 100% 
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Transfusion 

Frequency 

Once every 2 

weeks 

17 43.6% 

 Once every 3 

weeks 

16 41% 

 Once every 4 

weeks 

6 15.4% 

 Amount 39 100% 

The results showed that laboratory characteristics related to HbA2, MCV, MCH 

and MCHC levels varied. A total of 26 subjects (66.7%) showed increased 

HbA2 levels while 11 subjects (28.2%) were in the normal category and 2 sub-

jects (5.1%) had slightly increased HbA2 levels. In the MCV parameter, the ma-

jority of subjects, namely 38 people (97.4%) experienced a decrease while only 

1 subject (2.6%) had a normal MCV value. There were no subjects with in-

creased MCV values. In the MCH parameter, 36 subjects (92.3%) experienced 

a decrease while, in the MCHC parameter, 15 subjects (38.5%) experienced a 

decrease while 24 subjects (61.5%) had values in the normal range and none had 

an increase (37%). Overall this data shows that most subjects have increased 

HbA2 levels, decreased MCV and MCH values, and MCHC values which are 

mostly within the normal range. 

Table 2. Univariate Analysis. 

No Group Amount Percentage 

1. HbA2   

 Normal (<3.5%) 11 28.2% 

 Slightly increased 

(3.6%-4%) 

2 5.1% 

 Increased (>4%) 26 66.7% 

Amount 39 100% 

2. MCV   

 Decrease (<83 fl) 38 97.4% 

 Normal (93-98 fl) 1 2.6% 

 Increased (>98 fl) - - 

Amount 39 100% 

3. MCH   

 Decrease (<27 pg) 36 92.3% 

 Normal (27-31 pg) 2 5.1% 

 Increased (>31pg) 1 2.6% 

Amount 39 100% 

4. MCHC   

 Decrease (<32%) 15 38.5% 

 Normal (32-37%) 24 61.5% 

 Increased (>37%) - - 

Amount 39 100% 
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4.2 Bivariate analysis 

In bivariate analysis, Spearman correlation test was used to show the relationship be-

tween HbA2 levels and several erythrocyte indices, namely MCV, MCH, and MCHC. 

In the correlation analysis between HbA2 and MCV, a p-value of 0.001 was obtained 

with a correlation coefficient (r) of -0.525. This result shows that there is a negative 

correlation between HbA2 and MCV levels (p<0.05). This indicates that an increase in 

HbA2 levels is associated with a decrease in MCH values. Meanwhile, the correlation 

analysis between HbA2 and MCHC obtained a p-value of 0.391 and a correlation co-

efficient of -0.141. This value indicates that there is no significant co-relation between 

HbA2 and MCHC levels (p>0.05). Overall, the results of this analysis showed that there 

was a negative correlation between HbA2 levels and MCV and HbA2 levels and MCH 

while the correlation between HbA2 and MCHC was not significant. 

Table 3. Bivariate Analysis HbA2 and MCV. 

No Group P-Value R 

1. HbA2 
0.001 -0.525 

2. MCV 

Table 4. Bivariate Analysis HbA2 and MCV. 

No Group P-Value R 

1. HbA2 
0.001 -0.508 

2. MCH 

Table 5. Bivariate Analysis HbA2 and MCV. 

No Group P-Value R 

1. HbA2 
0.391 -0.141 

2. MCHC 

4.3 Discussion 

This study analyzed the characteristics of subjects and the relationship between HbA2 

levels and erythrocyte index in thalassemia patients. Of the 39 subjects studied, the 

majority were aged 11-15 years (43.6%) with an almost equal distribution of gender 

between males (48.7%) and females (51.3%). The most common transfusion frequency 

was once every 2 weeks (43.6%). The high prevalence of thalassemia in 11-15 year old 

can be attributed to several factors such as early detection because symptoms of hemo-

globin imbalance appear when the body needs more oxygen during growth. The results 

of this study are in line with the research of Anggororini et al (2010) at Hasan Sadikin 

Bandung General Hospital where out of 30 samples, the highest age was found to be 

10-14 years old as many as 24 people (81%) (Fatmasyithah and Rahayu, 2014). 

Based on gender, the majority of respondents in this study were female. This is dif-

ferent from research conducted by Thavorncharoensap et al. (2010) in Thailand, Ayoub 

et al. (2013) in Saudi Arabia, and Swandi (2018) in Medan which showed that there 

were more male patients than female. In accordance with Mendel's law, the thalassemia 
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gene is inherited autosomal recessively, which means it is independent of gender. 

Therefore, children of trait carriers have a 25% chance of being born normal, 50% be-

coming sufferers and 25% having a carrier trait (Irdawati et al., 2021). In this study, the 

majority of respondents received blood transfusions once every 2 weeks. This finding 

is in accordance with the theory of Rujito (2019) which states that the frequency of 

transfusions in thalassemia major ranges from 2-4 weeks, depending on the severity of 

the disease. Children with thalassemia major need more attention during therapy. 

Blood transfusion in thalassemia patients aims to replace damaged red blood cells 

and maintain hemoglobin (Hb) levels in the body. Thalassemia major requires lifelong 

blood transfusion, in contrast to thalassemia minor which is only a carrier. Blood trans-

fusion is performed on thalassemia major patients when the Hb level is <7 g/dL. The 

importance of blood transfusion is crucial to maintain the survival of thalassemia pa-

tients. Hemoglobin levels can be affected by age, gender and transfuse frequency. Age 

and gender are the determining factors of hemoglobin levels with hemoglobin values 

tending to increase during puberty (Mariani et al., 2014). 

Laboratory examination results showed that most subjects (66.7%) had elevated 

HbA2 levels, while the majority of MCV and MCH values decreased, in 97.4% and 

92.3% of subjects, respectively. Most of the MCHC values were within the normal 

range (61.5%). The Spearman correlation test between HbA2 levels and erythrocyte 

index showed a significant negative correlation between HbA2 and MCV (p= 0.001, r= 

-0.525) and HbA2 and MCH (p= 0.001, r= -0.508). However, no significant correlation 

was found between HbA2 and MCHC (p= 0.391, r= -0.141) indicating that increased 

HbA2 levels were associated with decreased MCV and MCH values but were not as-

sociated with changes in MCHC values. 

Overall, the results of this study showed that elevated HbA2 levels in thalassemia 

patients were associated with decreased MCV and MCH values but had no significant 

association with MCHC. These findings provide important insights in understanding 

the hematological profile of thalassemia patients which may help in the diagnosis and 

management of the condition. This study also revealed a significant correlation between 

HbA2 levels with MCV and MCH which supports the hypothesis that elevated HbA2 

levels are associated with lower MCV and MCH values in thalassemia patients. This is 

consistent with the findings of previous studies showing that MCV and MCH levels in 

thalassemia patients are lower compared to the general population, which is caused by 

gene mutations (Muktiarti et al., 2016). 

Erythrocyte index is a parameter used to evaluate the size, volume and concentration 

of hemoglobin in red blood cells with MCV, MCH and MCHC as the main parameters. 

MCV level indicates the average volume of red blood cells, MCH indicates the average 

amount of hemoglobin per red blood cell and MCHC indicates the average concentra-

tion of hemoglobin in red blood cells. In thalassemia patients, the erythrocyte index 

often shows a microcytic hypochromic pattern with low MCV levels indicating smaller 

red blood cell volume and low MCH levels indicating less hemoglobin in the red blood 

cells. This pattern is very helpful in the diagnosis and surveillance of thalassemia (Su-

santo and Susanti, 2019). Erythrocyte index is also used for screening thalassemia types 

with MCV values in major thalassemia ranging from 50-60 fL and MCH values be-

tween 12-18 pg. Diagnosis of beta minor thalassemia is characterized by microcytic 
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erythrocytes, MCV less than 80 fL, MCH less than 27 pg and hemoglobin levels at 

normal levels (HbA2 less than 3.5%). Beta gene mutations that occur during beta globin 

chain synthesis cause a decrease in erythrocyte index levels in thalassemia beta major 

with the thalassemia beta major group having lower levels than the thalassemia beta 

minor group due to a greater number of gene mutations (Wati and Astuti, 2020). 

HbA2 is a minor component of hemoglobin which is usually only about 2-3% of 

total hemoglobin in healthy individuals, but in patients with β-thalassemia HbA2 levels 

increase as compensation for the reduced production of beta globin chains. Elevated 

HbA2 levels can be a diagnostic marker for β-thalassemia minor where HbA2 levels in 

thalassemia patients tend to be higher than in normal individuals. Research suggests 

that elevated HbA2 is related to beta globin gene mutation which reduces beta chain 

synthesis and increases compensation of other globin chains including HbA2. High 

HbA2 levels along with low MCV and MCH values can be used as early indicators to 

diagnose thalassemia especially in individuals with mild anemia symptoms. These re-

sults also provide insights for the development of thalassemia screening in high-risk 

populations helping to detect minor thalassemia cases that may be missed. This study 

underscores the importance of HbA2, MCV, and MCH levels in early diagnosis and 

monitoring of thalassemia and shows the potential of diagnostic biomarkers that can 

support more effective treatment for thalassemia patients (Hidayat et al., 2023; Rujito, 

2019). 

5 Conclusion and Suggestion 

5.1 Conclusion 

Based on the results of research that has been conducted at Dr. H. Abdul Moeloek Hos-

pital Lampung Province in 2023 regarding the correlation of HbA2 levels with eryth-

rocyte index in beta thalassemia patients can be concluded: 

1. There is a negative correlation between HbA2 levels with MCV and MCH, while 

there is no correlation between HbA2 levels with MCHC in beta thalassemia patients 

at RSUD Dr. H. Abdul Moeloek in 2023. 

2. The majority of patients in this study had elevated HbA2 levels. 

3. The majority of patients in this study had a decrease in erythrocyte index. 

5.2 Suggestion 

Suggestions for future research are as follows: 

1. Future researchers can examine medical records from several hospitals in Bandar 

Lampung to obtain a sample size that can represent the population. 

2. Future researchers can involve the thalassemia community to obtain data directly 

(primary data). 

3. Future researchers can collect primary data through direct blood laboratory tests on 

thalassemia patients. 
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