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study. Nutritional status assessed by subjective global assessment showed that all 

subjects had normal nutritional status. However, when the nutritional status was 
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triceps skinfold thickness, and mid arm circumference, the prevalence of malnutrition 

in these subjects were 63.3%, 50.0%, 36.7%, 60.0% and 70.0% respectively. 
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development as normal children, quality of life and effectiveness of treatment. 

Department:….Food and Pharmaceutical Chemistry…..Student’s Signature.…...…........... 

Field of Study:.Food Chemistry and Medical Nutrition..Advisor’s Signature..…………… 

Academic Year:…….2010...…..……………………….Co-advisor’s Signature.…...……. 



vi 
 

ACKNOWLEDGEMENTS 

 
This thesis would not have been possible without the help, supervision, 

guidance, and support of any people. It is the inspirations that helped and pushed me 

pass throughout the study. 

First of all, I wish to express my sincere gratitude and deepest appreciation to 

my advisor, Assistant Professor Dr. Kulwara Meksawan, for her valuable advice, and 

sincere kindness throughout my graduate study. Her tremendous knowledge and 

kindness enable me to accomplish this thesis. I also would like to express my deep 

appreciation to my co-advisor, Associate Professor Dr. Oranong Kangsadalampai, for 

her creative comments, valuable guidance and encouragement during the entire study. 

I would like to express my grateful to the thesis committee, Assistant 

Professor Dr. Linna Tongyonk, Assistant Professor Suyanee Pongthananikorn, and 

Assistant Professor Bunchoo Pongtanakul, for their supportive attitude, valuable 

advice and constructive criticisms over my thesis. And special appreciation is 

extended to all teachers for giving me the valuable knowledge and staff of the 

Department of Food and Pharmaceutical Chemistry, Faculty of Pharmaceutical 

Sciences, Chulalongkorn University. 

I also wish to thank the director and staff members, especially Miss 

Cheeraratana Cheeramakara, Mrs. Wanyarat Nakosiri, Professor Dr. Apichart 

Nonprasert, Miss Kriyaporn Songmuaeng, and Mr. Nophachai Suthisai, Faculty of 

Tropical Medicine, Mahidol University for their kind, helpful and encouragement 

throughout this study. My deep gratitude is also expressed to Miss Lerlugsn 

Suwanthol and all personnels at Pediatric Hematology Clinic, Siriraj Hospital for their 

abundantly help and support. I would like to thank Mrs. Apirom Laocharoenkiat and 

Miss Alisala Lertbannaphong, for her supportive attitude and constructive criticisms 

over my thesis. I also duty grateful to all particiants for their participation and I am 

really thankful to the Faculty of Graduate Studies, Chulalongkorn University for the 

supporting scholarship which enabled me to undertake this study.  

Finally, my success would have been impossible without my parents, all 

family members for their infinite love, warm care, encouragements and never ending 

support throughout my life. 



 

  
vii

CONTENTS 
 

 Page 

ABSTRACT (THAI)………………………………………………………….. iv 

ABSTRACT (ENGLISH)…………………………………………………….. v 

ACKNOWLEDGEMENTS………………………………………………….. 

CONTENTS………………………………………………………………....... 

vi 

vii 

LIST OF TABLES……………………………………………………………. xi 

LIST OF ABBREVIATIONS……………...………………….……………... x 

CHAPTER  

I          INTRODUCTION…………………………………………….... 1 

1.1  Background and Rationale………………..………………… 

1.2  Objectives of the Study…………………………………....... 

1.3  Benefits of the Study.……………………..……………… 

1.4  Scope of the Study………………………………………….. 

1 

4 

4 

4 

II        LITERATURE REVIEW…………………………………........ 5 

2.1  Thalassemia.………………………………………………... 

2.2  Nutritional Status in Thalassemia Patients.………………... 

2.3  Nutritional Assessment for Thalassemia Patients.………... 

2.4  Folate………………………………………..………..……. 

2.5  Vitamin B12.………………………………………..……….. 

2.6  Metabolic Interaction between Folate and Vitamin B12 …... 

2.7  Folate and Vitamin B12 in Thalassemia Patients…………… 

 III       MATERIALS AND METHODS…………………………........ 

5 

7 

9 

14 

18 

23 

24 

25 

3.1  Research Design……………………………………………. 

3.2  Subjects.…………….………………………………..…….. 

3.3  Experimental Design …………………………………..… 

3.4  Nutritional Assessment..………………………..…………... 

3.5  Blood Collection …..………………………….……............ 

3.6��Determination of Serum and RBC Folate…………..……… 

3.7  Data Analysis……………………………………….............               

25 

25 

26 

26 

29 

29 

31 



 

  
viii

CHAPTER Page 

          IV       RESULTS...................................................................................... 

4.1  Subject Characteristics.………………………………..……. 

4.2  Nutritional Assessment ………………………………...…... 

4.3  Identification of Nutritional Status ……………..……..…… 

4.4  Comparison of Anthropometric Parameters for Classifying     

Nutritional Status……………………….…………………… 

4.5  Serum and RBC Folate and Serum Vitamin B12 of the 

Subjects…………………………………………..……...….. 

4.6  Correlations of Parameters Measured  in the Study..….……. 

           V        DISCUSSION..…………………………………………………. 

5.1  Subject Characteristics and Nutritional Status …...……....... 

5.2  Serum and RBC Folate and Serum Vitamin B12 of the 

Subjects………………..…………………….……………… 

5.3  Correlation of Parameters Measured in the Study ………….. 

           VI      CONCLUSION…………………………………………………. 

REFERENCES……………………………………………………………….. 

APPENDICES………………………………………………...………………. 

APPENDIX A…………………………………………………………. 

APPENDIX B…………………………………………………………. 

APPENDIX C…………………………………………………………. 

APPENDIX D…………………………………………………………. 

APPENDIX E…………………………………………………………. 

APPENDIX F…………………………………………………………. 

APPENDIX G…………………………………………………………. 

BIOGRAPHY…………………………………………………………………. 

32 

32 

34 

39 

 

42 

 

43 

44 

54 

54 

 

58 

60 

63 

65 

75 

76 

82 

102 

111 

116 

119 

124 

126 



ix 

 
LIST OF TABLES 

 

 
 
 
 
 
 

TABLE Page 

1. Characteristics of the subjects ……………………………………..….. 33 

2. Anthropometric measurement of the subjects.……….……………….. 35 

3. Laboratory parameters of the subjects…………………….…………. 36 

4. Average dietary nutrient intakes of the subjects……………………….. 38 

5. Nutritional status of the subjects classified by %W/A, %W/H, and 

%H/A…………………………………………………………………. 

 

40 

6. Nutritional status of the subjects classified by %TSF and %MAC……. 41 

7. Comparison of anthropometric parameters for classifying nutritional 

status…………………………………………………………………… 

 

42 

8. The levels of serum and RBC folate and serum vitamin B12 of the 

subjects………………………………………………………………… 

 

43 

9. Correlations between anthropometric parameters……………………... 45 

10. Correlations between anthropometric parameters for classifying 

nutritional status and other anthropometric parameters………………... 

 

46 

11. Correlations between anthropometry, laboratory parameters, and 

dietary nutrient intake…………………………..……………………... 

 

48 

12. Correlations between anthropometric parameters for classifying 

nutritional status, laboratory parameters, and dietary nutrients 

intake…………………………………………………………………… 

 

 

49 

13. Correlations between nutritional and hematological parameters……... 50 

14. Correlations between serum and RBC folate and serum vitamin B12…. 51 

15. Correlations between serum and RBC folate and serum vitamin B12 

and nutritional parameters ……………………………………………. 

 

52 

16. Correlations between serum and RBC folate, serum vitamin B12 and 

hematological parameters…………………………………………….. 

 

53 



x 

LIST OF ABBREVIATIONS 

 �    alpha 

 �    beta 

 �    delta 

 ºC    degree Celsius 

µg    microgram 

µg/day    microgram per day 

µmol/l    micromole per liter 

 %H/A    percentage of height for age 

 %MAC   percentage of mid arm circumference 

 %TSF    percentage of triceps skinfold thickness 

 %W/A    percentage of weight for age 

 %W/H    percentage of weight for height 

95% CI   95% confidence interval 

 AFA    arm fat area 

 AMA    arm muscle area 

 ANC     absolute neutrophils count 

 BMI    body mass index 

 conc.     concentration 

 cm    centimeter 

 cm2     square centimeter 

 CN    cyanide group  

 DHF    dihydrofolate 

 DRI    dietary reference intake 

 DNA    deoxyribonucleic acid 



xi 

 dTMP    deoxythymidine monophosphate 

 dUMP    deoxyuridine monophosphate 

 dUST    deoxyuridine suppression test  

et al.    et alia (and others)   

FIGLU    formiminoglutamic acid 

fl     femtoliter 

g/day    gram per day 

 g/dl    gram per deciliters 

 g/kg    gram per kilogram 

 g/kg/day    gram per kilogram per day 

g/ml    gram per milliliters 

H/A    height for age 

Hb    hemoglobin 

Hct    hematocrit 

kcal    kilocalorie 

kcal/day   kilocalories per day 

kcal/kg/day    kilocalories per kilogram per day; 

kg     kilogram 

kg/m2    kilogram per square meter 

MAC    mid-arm circumference 

MAMC   mid-arm muscle circumference 

MCH     mean corpuscular hemoglobin  

MCHC     mean corpuscular hemoglobin concentration 

 MCV     mean corpuscular volume 

mg    milligram 



xii 

mm    millimeter 

mg/d    milligram per day 

MMA    methylmalonic acid  

n    number 

ng/ml    nanogram per milliliter 

nM    nanomole 

OR    odds ratio 

pg/ml    picogram per milliliter 

pmol/l    picomole per liter 

RBC     red blood cell 

RDA    recommended daily dietary allowances 

RNA    ribonucleic acid 

rpm    revolutions per minute 

SAM    S-adenosylmethionine 

SEM    standard error of mean 

SGA    subjective global assessment  

THF    tetrahydrofolate 

TC    transcobalamins  

TSF    triceps skinfold thickness 

W/A    weight for age 

WBC    white blood cell 

W/H    weight for height  

vs    versu 

 

 



1 

�

CHAPTER I 

 

INTRODUCTION 

 
1.1  Background and Rationale  

 Thalassemia is a hereditary disorder of hemoglobin (Hb) synthesis that 

commonly found in Mediterranean and South-East Asia, especially in Thailand. 

Approximately 30 - 40% of Thai people have thalassemia traits (20-30% with alpha 

(�) - thalassemia trait and 3 - 9% with beta (�) - thalassemia trait) (Fucharoen et al., 

2007). The most common �-thalassemia in South-East Asia is �-thalassemia/Hb E 

disease (Viprakasit et al., 2001).  

 The defective or absent synthesis of either the two chains, � or �, of the adult 

Hb tetramer results from gene deletion or mutation. At the cellular level, this result in 

a reduced amount of normal functional Hb and an imbalance between the two globin 

types as the unaffected chain is continuously produced whereas the affected chain 

production is decreased or absent. The abnormal globin synthesis makes the 

precipitation of the remaining globin chains that alters cellular and membrane 

properties of red cells. This abnormality is the cause of early destruction of the red 

cell in the intramedullary spaces, known as ineffective erythropoiesis. The mature red 

cells from the bone marrow have a short life time because of increased hemolysis, 

causing various abnormalities such as severe anemia, jaundice, splenomegaly, delayed 

puberty, and delayed secondary sexual characteristics (Lo and Singer, 2002; Rund and 

Rachmilewitz, 2005). 
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 The chronic anemia of thalassemia intermedia increases the bone marrow 

haemopoietic activity and cardiac output to maintain oxygen delivery. This produces 

hypercatabolic state, increasing resting energy expenditure. Therefore, the body needs 

more energy, nutrients, hormones, and growth factors (Borgna-Pignatti, 2007;  

Claster et al., 2009). The recommended daily dietary allowances (RDA) of energy 

intake for children aged between 4 - 15 years is 1,600 kcal, but the average energy 

intake of thalassemia children were 65% of the mean RDA (Tanphaichitr, Visuthi, 

and Tanphaichitr, 1995). In addition, amino acid metabolism is changed. It was found 

that plasma and urinary essential amino acids were low in patients with thalassemia 

major compared with subjects with thalassemia minor (Abdulrazzaq et al., 2005). 

Some researchers found that the patients had multiple deficiencies of vitamins and 

minerals such as vitamin A, vitamin E, zinc, folate, and vitamin B12 (Tienboon, 

Sanguansermsri and Fuchs, 1996; Claster et al., 2009). Thalassemia patients were also 

found to have growth failure, delayed puberty, and underweight (Karamifar, 

Shahriari, and Amirhakimi, 2002; Asadi-pooya and Karamifar, 2004), and this could 

be, in part, the results of malnutrition. 

Folate and vitamin B12 play important roles in erythropoiesis, cell devision, 

and growth development. These nutrients work together as co-enzymes for the nucleic 

acid synthesis (Mitchell, Snell, and Williams, 2008). Deficiencies of folate and 

vitamin B12 affect erythropoiesis, causing anemia and malnutrition. A study 

examining the relationships between folate and vitamin B12 deficiency and nutritional 

status in 470 healthy females found that the level of plasma folate was a significant 

determinant of Hb status (OR: 1.9; 95%CI: 1.1, 3.5), but there was no relation of 

vitamin B12 level with anemia (Khatib et al., 2006). However, the study in 1,459 
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healthy elderly people found that the level of vitamin B12 less than 148�pmol/ml was 

associated with anemia (OR: 2.7; 95% CI: 1.7, 4.2) (Morris et al., 2007). 

Thalassemia patients may be at risk of folate and vitamin B12 deficiency due to 

overproduction of hematopoiesis. Kumar et al. (1985) examined the levels of folate 

and vitamin B12 in 157 homozygous �-thalassemia patients who received blood 

transfusion. They found that mean serum folate in patients (6.4 ng/ml) was 

significantly less than in normal subjects (7.9 ng/ml), but mean serum vitamin B12 in 

patients (213.4 pg/ml) was remarkably higher than that in normal subjects (186 

pg/ml). Folate deficiency (serum folate less than 3 ng/ml and red blood cell (RBC) 

folate less than 150 ng/ml) was seen in 9.3% of thalassemia patients, and vitamin B12 

deficiency (plasma vitamin B12 less than 80 pg/ml) was seen in 7.6% of the patients.  

From the past, several techniques have been used to determine nutritional 

status in thalassemia patients. However, no studies prove which method is the best in 

providing information about nutritional status in these patients. In addition, most of 

the studies involving nutritional status in thalassemia patients were generally 

conducted in the patients who had severe condition and received regular blood 

transfusion. There are still limited studies of nutritional status in patients with mild to 

moderate condition, especially in children. Therefore, this study focused on 

nutritional status and the levels of folate and vitamin B12 in children with thalassemia 

intermedia who do not require regular blood transfusion. The relationships among 

parameters including anthropometry, biochemical parameters, the levels of folate in 

serum and RBC, and serum vitamin B12 level  were also evaluated.  
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1.2  Objectives of the Study 

 2.1  To evaluate the nutritional status in patients with thalassemia intermedia 

 2.2  To study the levels of folate in serum and RBC and serum vitamin B12 in 

patients with thalassemia intermedia 

 2.3  To evaluate the relationships between nutritional parameters and the 

levels of folate and vitamin B12 in patients with thalassemia intermedia 

1.3  Benefits of the Study  

� This study provides information on nutritional status, the levels of folate in 

serum and RBC and serum vitamin B12 as well as the relations among nutritional 

parameters in patient with thalassemia intermedia. The information gained from this 

study is beneficial in developing nutrition recommendation to improve nutritional 

status, growth, quality of life and treatment in the children patients with thalassemia 

intermedia.  

1.4  Scope of the Study 

 This research was aimed to study in children (5 - 15 years old) with 

thalassemia intermedia at Pediatric Hematology Clinic, Siriraj Hospital during March, 

2010 through September, 2010. 
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CHAPTER II 

 

LITERATURE REVIEW 

 
2.1  Thalassemia 

 Thalassemia is a heterogeneous group of inherited disorders of hemoglobin 

(Hb) synthesis characterized by decreased production of either � or � globin chains. 

The disease is designated according to which chain is underproduced.  

Beta-thalassemia involves decreased �-chain production and �-thalassemia decreased 

�-chain production (Lo and Singer, 2002; Kroft and Monaghan, 2007).  

 Hypochromic microcytic anemia is the basic hematological abnormality in the 

thalassemia. At the cellular level, unbalanced synthesis of � and � globin chains can 

damage red cell in two ways. Firstly, failure of � and � chains to combine leads to 

diminished hemoglobinisation of red cells to levels incompatible with survival.  

The second mechanism for red cell damage is the precipitation of the remaining 

globin chains, it alters red cell cellular and membrance properties leading to 

accelerated apoptosis of erythroid precursors in the bone marrow (ineffective 

erythropoiesis) and destruction of more mature red cells in the spleen (hemolysis), 

resulting in severe anemia. In general, the clinical severity of any cases of thalassemia 

is proportionate to the degree of imbalance of � and � globin synthesis (Lo and 

Singer, 2002; Howard and Hamilton, 2008).  
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 2.1.1 Classification of Thalassemia 

 The classification of thalassemia can be divided according to severity of clinic 

as followed:  

 2.1.1.1 Thalassemia major  

 Thalassemia major is the most severe form. The patient has average Hb 

levels less than 7 g/dl and hematocrit (Hct) less than 20%. Patients usually develop 

the symptoms of severe anemia. Patients with thalassemia major require transfusions 

of red blood cells every 4 to 6 weeks, depending on the individual’s consumption of 

the infused cells. Diseases in the group of thalassemia major are homozygous  

�-thalassemia disease, �-thalassemia/Hb E disease, and Hb Bart’s hydrops fetalis 

(Kroft and Monaghan, 2007; Howard and Hamilton, 2008). 

 2.1.1.2 Thalassemia intermedia 

 Moderately severe forms of thalassemia include �-thalassemia/Hb E 

disease, Hb H disease, Hb H with constant spring, Hb AE bart’s disease, Hb EF bart’s 

disease, and homozygous Hb constant spring. The patient has average Hb level 7 - 9 

g/dl and Hct between 20 - 27%. Thalassemia intermedia covers a wide spectrum, 

ranging from disorders nearly as severe as thalassemia major (but lacking transfusion 

dependence) to mild disorders with few clinical manifestation. The complications are 

dependent on the severity of the hemolysis and largely seen in other forms of 

hemolytic anemia, including jaundice, organomegaly, gallstones, susceptibility to 

infections, and leg ulcers (Kroft and Monaghan, 2007). 

 2.1.1.3 Thalassemia minor 

 People with thalassemia minor or carriers are usually asymptomatic with 

hypochromic microcytic red cells and slightly reduced Hb levels. The disorder may be 
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confused with iron deficiency leading to unnecessary investigations (Howard and 

Hamilton, 2008). 

2.2  Nutritional Status in Thalassemia Patients 

 Nutritional status affects every aspect of a child’s health, including normal 

growth and development and physical activity. In patients, an appropriate nutrition 

can improve both short-term and long-term outcomes of disease treatment (Zemel, 

Riley, and Stallings, 1997). An illness and its symptoms can lead to malnutrition by 

reducing food intake, interfering with digestion and absorption, or altering nutrient 

metabolism and excretion. In addition, poor nutritional status weakens immune 

function and compromises a person healing ability, influencing both the course of 

disease and the body response to treatment (Rolfes, Pinna, and Whitney, 2009). 

 In patient with thalassemia major, blood transfusion remains the mainstay of 

management. Blood transfusion increases Hb level, which reduces tissue hypoxia and 

suppresses ineffective hematopoiesis (Kroft and Monaghan, 2007). In children, blood 

transfusion maintains Hb level, regular growth and growth velocity. If not transfused, 

children develop a wide spectrum of clinical manifestations such as stunted growth, 

wasting, fever, hyperuricemia, infections, organomegaly, frontal bossing, spontaneous 

fractures, and bone abnormalities (Borgna-Pignatti, 2007; Kroft and Monaghan, 

2007). 

 Chronic anemia in thalassemia patients affects the cardiac output to maintain 

oxygen delivery that makes patients have mildly hypercatabolic state, increased 

resting energy expenditure and vitamin intake, and chronic oxidative stress.  

These conditions affect nutritional status of children with thalasemia. It is known that 

thalassemia children manifest a decrease in muscle mass and low body weight and 

height, compared with normal children. Therefore, adequate energy and nutrients are 
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essential for growth of children. Previous study found that thalassemia patients had 

low energy intake, 65% of the mean recommended energy intake�(Tanphaichitr et al., 

1995). Serum carnitine and essential amino acids in plasma and urine were found to 

be lower in thalassemia patient (Abdulrazzaq et al., 2005; Tsagris and  

Liapi-Adamidou, 2005).  

 There are several studies about the nutritional status in children with 

thalassemia major. The prevalence of protein energy malnutrition in thalassemia 

children, based on height for age (H/A) of less than 95% of standard values and 

weight for age (W/A), triceps skinfold thickness (TSF), mid-arm circumference 

(MAC) and mid-arm muscle circumference (MAMC) of less than 90% of standard 

values were 72.3, 74.5, 53.7, 75.6 and 82.9% respectively (Tanphaichitr et al., 1995). 

Most children had abnormal Z scores of W/A and H/A. Moreover, previous studies 

found that children with thalassemia had severe weight deficits and stunting 

(Tienboon et al., 1996; Karamifar et al., 2002). The growth velocity of children and 

adolescents with thalassemia were significantly decreased compared to normal 

children (Soliman et al., 1999; Saxena, 2003). The body mass index (BMI), TSF, 

MAC, and MAMC was less in children with thalassemia than in normal children 

(Soliman et al., 1999; Soliman et al., 2004).  

 Growth retardation in children with thalassemia might be due to several 

factors.  For instance, abnormal endocrine function, nutritional deprivation with or 

without feeding difficulties, arising from fatigue, and breathlessness might effect on 

growth. Moreover, increased energy expenditure due to hypermetabolism and 

gastrointestinal hypoxia can consequently produces anorexia and malabsorption 

(Soliman et al., 2004; Abdulrazzaq et al., 2005). Abnormal plasma amino acid 

concentration affected to the production of erythrocyte, which could lead to decreased 
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growth rate (Abdulrazzaq et al., 2005). Moreover, many studies revealed that 

thalassemia patients had deficiencies of vitamins and minerals such as folate,  

vitamin B12, vitamin A, vitamin C, riboflavin, vitamin D, vitamin E, zinc and 

selenium (Claster et al., 2009). However, there have been conflicting reports in 

relation to the levels of certain vitamins and minerals in the blood of thalassemia 

patients (Zafeiriou, Economou, and Althanasiou-Metaxa, 2006).  

2.3  Nutritional Assessment for Thalassemia Patients 

 Nutritional assessment is an evaluation of the nutritional status of individuals 

or populations through measurements of food and nutrient intake and evaluation of 

nutrition-related health indicators (Lee and Nieman, 2003).  

 2.3.1 Nutritional Assessment Methods  

  The measurement of body composition during growth and development 

provides more detail information about nutritional status than the measurement  

of stature and weight alone does because the body compartments are indicative of 

nutritional stores (Zemel et al., 1997; Baer and Harris, 1996).  Four different methods 

were used to evaluate nutritional status including anthropometric, biochemical or 

laboratory, clinical, and dietary measurement (Lee and Nieman, 2003; Davis, 2005).  

 2.3.1.1 Anthropometric Measurement 

Anthropometry is the measurement of the physical dimensions and gross 

composition of body (Lee and Nieman, 2003). This method is a rapid, inexpensive, 

and noninvasive means of determining short and long term nutritional status. 

Numerous anthropometric measures are used in nutritional assessment, because no 

single measure can fully characterize nutritional status (Zemel et al., 1997).  

Anthropometric data are valuable objective indicators of attained size and physical 

growth in children (Kuczmarshi et al., 2000). The anthropometric parameters in 
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children usually include body weight, height, head circumference, MAC, skinfold 

thickness, estimation of arm muscle area (AMA), and body fatness.�These results 

often are compared with references for age and sex to determine abnormalities in 

growth and development that may result from nutrient deficiencies or excesses (Lee 

and Nieman, 2003; Hendricks, 2007). 

2.3.1.1.1 Weight and Height 

In children, the most common indicators to assess growth status 

are weight for age (W/A), weight for height (W/H), and height for age (H/A)  

(Garza and De-Onis, 2007). Weight and height parameters should be plotted on 

standard growth of children to determine the W/A, W/H, and H/A (Ekvall et al., 

2005). Weight for age and W/H are used to assess the current nutritional status of 

children, overweight or underweight. Height for age is a parameter to assess the 

chronic malnutrition (Mosby, Barr, and Pencharz, 2009). 

  2.3.1.1.2 Body Mass Index 

The Quetelet’s index, the most widely used height-weight index, 

is commonly referred to as the BMI (Lender and Willett, 2008). Body mass index is 

correlated better with body fat than body weight. Growth charts with BMI for age 

percentiles can be used to assess risk of underweight and overweight in children.  

The 5th and 85th percentiles are used as cutoffs to identify children who may be 

malnourished and overweight, respectively (Appendix A) (Hendricks, 2007;  

Rolfes et al., 2009; Centers for Disease Control and Prevention, 2010). 

2.3.1.1.4 Triceps Skinfold Thickness  

The most widely used method of indirectly estimating percent 

body fat is skinfold measurement (Lee and Nieman, 2003).  Nearly half of the body 

fat in humans is in the subcutaneous layer, and measurements of this deposit can lead 
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to accurate estimates of total body fat. Skinfold thickness measurement is accurate, 

simple and reproducible and can be used to monitor change in total body fat and 

assess current nutritional status and body composition (Ekvall et al., 2005; Hendricks, 

2007). The triceps skinfold thickness is one of the most valuable anthropometric 

measures of nutritional status because it is a good indicator of energy reserves and it 

correlates well with total body fat stores (Zemel et al., 1997). The values measured 

can be compared with the reference ranges.  The percentage of TSF that is less than 

85% of standard TSF indicates malnourished state (Ekvall et al., 2005). 

� 2.3.1.1.5 Mid-arm Circumference  

  The arm contains both subcutaneous fat and muscle. A decrease 

in MAC may reflect a reduction in either muscle mass or subcutaneous tissue  

(or both). Arm circumference changes are easy to detect and require a minimal 

amount of time and equipment (Gibson, 2005). The combination of TSF and MAC is 

used to calculate the MAMC and AMA (Ekvall et al., 2005). 

  Mid-arm muscle circumference can serve as a general index of 

nutritional status. It reflects both caloric adequacy and muscle mass (Sarden, 2003). 

Assessment of muscle mass can provide an index of the protein reserves of the body. 

Mid-arm muscle circumference is the calculated circumference of the inner circle of 

muscle surrounding a small central core of bone. Arm muscle area is preferable to 

MAMC as an index of the total body muscle mass because it more adequately reflects 

the true magnitude of muscle tissue changes (Ekvall et al., 2005; Gibson, 2005).  

 2.3.1.2 Biochemical Measurement 

 Biochemical or laboratory methods provide information about protein-

energy nutrition, vitamin and mineral status, fluid and electrolyte balance, and organ 

function. Most tests are based on analyzing nutrient or metabolite in blood, feces, or 
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urine or measuring a variety of other components in blood and other tissues that have 

a relationship to nutritional status (Lee and Nieman, 2003; Rolfes et al., 2009). 

Biochemical data are used to detect marginal deficiencies before any overt clinical or 

physical signs appear (Ekvall et al., 2005). 

2.3.1.2.1 Serum Total Protein 

 Serum total protein is an index of visceral protein status. It is 

easily measured but is a rather insensitive index of protein status. Protein in the 

plasma is made up of albumin and globulin (Sauberlich, 1999). This test is often done 

to diagnose nutritional problem such as kidney disease or liver disease. If total protein 

is abnormal, further tests must be done to identify the specific problem.  

 2.3.1.2.2 Serum Albumin 

 Serum albumin is the most abundant plasma protein (3 - 5 g/kg 

of body weight), and its levels are routinely monitored during illness. Although many 

medical conditions influence albumin, it is slow to reflect change in nutritional status 

because of its large body pool and slow rate of degradation (Gibson, 2005;  

Rolfes et al., 2009). Serum albumin concentrations only reflect changes occurring 

within the intravascular space and not the total visceral protein pool. Serum albumin 

levels are influenced by a variety of other conditioning factors such as hydration 

status, renal and liver disease, trauma, edema, dietary protein and hypothyroidism 

(Gibson, 2005). The reference range of albumin is 3.0 - 3.5 g/dl.  

2.3.1.3  Clinical Measurement 

 Clinical assessment consists of a routine medical history and physical 

examination to detect physical signs and symptoms associated with malnutrition 

(Gibson, 2002). Many clinical signs of malnutrition often appear late in the process of 

undernutrition. These are preceded for weeks or sometimes months by a gradual 
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depletion of tissue reserves. Signs associated with such nutrient deficiencies are 

frequently not very specific and may be two-directional, occurring during both 

deficiency and recovery, or multiple, co-existing with other nutrient deficiencies 

(Gibson, 2005).  

2.3.1.4  Dietary Measurement 

 Dietary evaluation is an important adjunct to the above three assessments 

because it provides the description of dietary intake background, which may help to 

explain any observed clinical or biochemical abnormalities and may suggest proper 

remedial steps. Dietary intake data are assessed either by collecting retrospective 

intake data as with a 24-hour recall or food frequency questionnaire. Twenty-four 

hour recall is one of the most common methods of dietary assessment and requires 

individuals to remember the specific food and amounts of foods consumed in the past 

24 hours. The advantage of the 24-hour recall is that it requires little effort on the part 

of respondent, but the consumption in a single 24 hour period may not be 

representative of current weekly or monthly consumption (Gibson, 2002; Hammond, 

2008).  

2.3.1.5 Subjective Global Assessment 

 The subjective global assessment (SGA) method is an alternative method 

of nutritional assessment based exclusively on a carefully performed medical history 

and physical examination. No anthropometric or laboratory indices are included 

(Gibson, 2005). It is a form partially filled out by the patient or caregiver and 

completed by a trained health care provider. It is widely used in the adult population 

and is considered better for predicting nutritional-associated complications than 

medical tests. Advantages of this method are inexpensive and valuable tool. 

Subjective global assessment was validated recently in a preoperative pediatric 
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population for assessing nutritional status and identifying patients at higher risk for 

nutriton-associated complications and prolonged hospitalization, but it has not yet 

been evaluated for its effectiveness specifically in children with thalassemia  

(Mosby et al., 2009). 

2.4  Folate 

 Folate is the commonly term used to refer to all forms of vitamin including the 

naturally occurring forms of the vitamins (polyglutamates), folic acid refers to the 

oxidized, stable, and easily absorbable synthetic form (monoglutamate) (Arcot and 

Shrestha, 2005). Folate plays a crucial role in deoxyribonucleic acid (DNA) and 

protein synthesis. Folate derivatives are co-factors in vital metabolic pathways 

involved in the transfer of methyl groups.  

  2.4.1 Food Sources of Folate 

 Humans and other mammals cannot synthesize folate in their tissues. 

Therefore, they must obtain the vitamin from exogenous sources via intestinal 

absorption. The major form of food folates in natural sources occur as polyglutamates 

that are large and strongly electronegative molecules (Sauberlich, 1999). The major 

source of folate occurs in a wide variety of foods of both plant and animal origin. 

Liver, mushrooms, green leafy vegetables, fruits, dairy products, and cereals are rich 

sources of folate in human diets. Folate in foods is almost exclusively in reduced form 

as polyglutamyl derivatives of tetrahydrofolate (THF) (Ball, 2004; Mitchell et al, 

2008). 

 2.4.2 Metabolic Functions of Folate 

 Folate is cofactors and cosubstrates in numerous metabolic functions by 

accepting, transferring, or modifying one-carbon moieties that are attached to the  

N5 or N10 position of folate or bridge those two positions (Carmel, 2006).  
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The functions of folate include methylation of deoxyuridylate to thymidylate in DNA 

synthesis, catabolism of histidine, interconversion of serine and glycine, formate 

formation and utilization, methylation of uracil residues in transfer DNA, methione 

formation from homocysteine, and choline synthesis (Sauberlich, 1999).  

 2.4.3 Signs of Folate Deficiency 

 Limitation of folate interferes with DNA replication and the number of cell 

divisions. One of the most noticeable effects of folate deficiency is the occurrence of 

abnormalities in cell which has the most rapid rates of multiplication, including the 

intestinal mucosa, regenerating liver and the bone marrow. Folate is also essential for 

the formation and maturation of both red and white blood cells in the bone marrow. 

Macrocytic or megaloblastic anemia is a consequence of decreased DNA synthesis 

and failure of cells to divide properly and coupled with the continued formation of 

ribonucleic acid (RNA). In contrast to folate deficiency, the hematological 

abnormality in thalassemia patients is hypochromic microcytic anemia (Basu and 

Dickerson, 1996; Mitchell et al., 2008; Howard and Hamilton, 2008).  

 2.4.4 Assessment of Folate Status 

 2.4.4.1 Serum Folate 

 Serum folate, containing mainly monoglutamates THF, is a sensitive 

indicator of short-term folate balance and recent dietary intake. The normal level of 

serum folate is 6.0 ng/ml or greater. A value between 3.0 to 6.0 ng/ml indicates a 

marginal folate deficiency and 3.0 ng/ml or less indicates a folate deficiency. The 

folate level in serum may not accurately reflect the amount of folate in tissues (Basu 

and Dickerson, 1996; Brody, 1999; Sauberlich, 1999). 
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 2.4.4.2 Red Blood Cell Folate 

 Red blood cell (RBC) folate levels are less sensitive to short-term dietary 

effects than serum folate. Determination of RBC folate levels has been recommended 

as a better measure of folate tissue stores. A reduction in liver folate stores is 

paralleled by a reduction in erythrocyte folate levels. The levels of RBC folate greater 

than 160 ng/ml indicate normal folate status, the levels of 140 - 160 ng/ml suggest 

marginal status, and the levels less than 140 ng/ml indicate a deficiency (Basu and 

Dickerson, 1996; Brody, 1999; Snow, 1999; Brody and Shane, 2001). 

 2.4.4.3 Formiminoglutamic Acid Excretion 

 An analysis of formiminoglutamic acid (FIGLU) in urine can also be 

useful in evaluating folate status of an individual. When a loading dose of 5 gram 

histidine is fed (histidine loading test), this amino acid is normally converted to 

FIGLU and then removed from the tissues by reacting with THF. In the presence of 

folate deficiency, the conversion is inhibited and the amount of FIGLU in the urine is 

increased.  The excretion of FIGLU in urine greater than 200 µmol within 24 hours 

indicates a folate deficiency (Basu and Dickerson, 1996; Sauberlich, 1999). 

 2.4.4.4 Hypersegmentation of Neutrophils 

 The earliest hematological sign of folate deficiency is an increase in the 

hypersegmentation of the nuclei of the neutrophilic polymorphonuclear leucocytes. 

While normal average lobe number of neutrophils is approximately 2 - 4 lobes, 

hypersegmentation of neutrophils have 5 or more lobes. Following the changes  

in the neutrophils, the next hematological alteration is a gradual appearance of 

macroovalocytosis, with gradual increase in the mean corpuscular volume 

(Sauberlich, 1999). 
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 2.4.4.5 Deoxyuridine Suppression Test 

 The deoxyuridine suppression test (dUST) has not found widespread 

usage because of the difficulty in obtaining marrow cells from patients on a routine 

basis. This test measures the effect of deoxyuridine in suppressing the uptake of 

tritrated labeled thymidine into DNA. Under conditions of low cellular folate, the 

conversion of deoxyuridine monophosphate (dUMP) to Deoxythymidine 

monophosphate (dTMP) is reduced, and the suppression of labeled thymidine 

incorporation into DNA is reduced. The dUST can distinguish between folate and 

vitamin B12 deficiencies (Sauberlich, 1999; Brody and Shane, 2001). 

 2.4.4.6 Serum Homocysteine Concentrations 

 The serum homocysteine level is a functional test of folate coenzyme 

activity, which reflects tissue deficiency of methyl THF as a substrate in the 

methionine synthase reaction. Serum homocysteine can also serve as a marker of 

inadequate for vitamin B6 and vitamin B12. The prevalence of high serum 

homocysteine increases with age. It is inversely associated with serum folate 

concentration. The upper limit of normal plasma homocysteine has been suggested to 

be less than 12 µmol/l (Lindenbaum and Allen, 1995; Sauberlich, 1999). 

 2.4.5 Folate Requirements 

In Thailand, dietary reference intake (DRI) of folate is set at 400 µg/day for 

adult males and females, 600 µg/day for pregnant women, and 500 µg/day for 

lactating women.  In children, age between 1 - 8 years, folate recommendation is set 

at 150 - 200 µg/day, and the amount of 300 - 400 µg/day is recommended for 

adolescent (Department of Health, Ministry of Public Health, 2003). 
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2.4.6 Effect of High dose of Folic Acid Supplementation  

Folate is generally considered to have a low acute and chronic toxity for 

humans (Ball, 2004).  Large doses of folate have been useful in the treatment of few 

rare diseases such as homocysteinuria, defect in absorption of the vitamin, and 

deficiency of dihydrofolate reductase (Sarden, 2003). Nonetheless, in humans, 

increased folic acid intake leads to elevated blood concentrations of naturally 

occurring folates and of unmetabolized folic acid. High blood concentrations of folic 

acid may relate to decreased natural killer cell cytotoxicity, and high folate status may 

reduce the response to antifolate drugs used against malaria, rheumatoid arthritis, 

psoriasis, and cancer. In elderly, a combination of high folate level and low  

vitamin B12 status may be associated with an increased risk of cognitive impairment 

and anemia. In pregnant women, high folate level increases risk of insulin resistance 

and risk of obesity in children (Smith, Kim, and Refsum, 2008). 

2.5   Vitamin B12 

Vitamin B12, also called cobalamin, is a water soluble vitamin with a key role 

in the normal function of the brain and nervous system, and for the formation of 

blood. Vitamin B12 and cobalamin are used as a generic descriptor for all corrinoids 

that can be converted to�5´-deoxyadenosylcobalamin or methylcobalamin. 

Cyanocobalamin is the commercially available form of vitamin B12. This form is 

stable and readily converted in the body to metabolically active vitamin B12 

(Sauderlich, 1999). 

 2.5.1 Food Sources of Vitamin B12 

 Vitamin B12 is synthesized by bacteria and other microorganisms growing in 

soil or water, in sewage, and the rumen and intestinal tract of animals. Hence, all 

plants and plant food are devoid of vitamin B12 unless contaminated by 
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microorganisms. Vitamin B12 is ubiquitous in foods of animal origin and is derived 

from the animal’s ingestion of cobalamin-containing animal tissue or 

microbiologically contaminated plant material. The excellent food sources are liver, 

dairy products, meats, eggs, fish, and shellfish. Vitamin B12 in foods exists in several 

forms. Meat and fish contain mostly adenosyl-and hydroxycobalamin. Dairy product 

contain mostly hydroxycobalamin, and cyanocobalamin was only detected in small 

amounts in egg white, cheeses and boiled haddock  (Sauderlich, 1999; Ball, 2004; 

Castle and Hale, 2008). 

 2.5.2 Metabolic Functions of Vitamin B12 

 Vitamin B12 plays key roles in the metabolism of propionate, amino acids, and 

single carbon. In humans, vitamin B12 is required for the functions of 3 enzymes, 

namely methionine synthase, methylmalonyl Coenzyme A mutase, and leucine 

mutase. Methylcobalamine is the coenzyme of methionine synthase, which catalyses 

the conversion of homocysteine to methionine and regenerates THF.  

5´-adenosylcobalamin is required for the action of methylmalonyl Coenzyme A 

mutase, which converts methylmalonyl Coenzyme A to succinyl Coenzyme A in the 

degradation of propionate. The adenosylcobalamine-dependent leucine mutase is 

involved in the conversion of L-�-leucine to 3-aminoisocapronate as the first step in 

the synthesis or degradation of the amino acid (Basu and Dickerson, 1996; Ball, 2004; 

Castle and Hale, 2008). 

 2.5.3 Signs of Vitamin B12 Deficiency 

 Deficiency of vitamin B12 can be produced by several factors. The most 

common causes are inadequate dietary intake, and, primarily in the veganism, 

malabsorption due to gastric atropy. The other causes are intestinal disease, parasitic 

infections, medications, and polymorphisms (Allen, 2008). Vitamin B12 (or folate) 
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deficiency affected the tissues with high turnover rate, such as the red blood cell and 

the epithelial cells of the gastrointestinal tract. The clinical signs of vitamin B12 

deficiency can be related to general symptoms of anemia, which include pallor of the 

skin and mucous membrane, accompanied by tiredness, breathlessness, palpitation, 

angina and anorexia. Other signs include a burning tongue, which is often red and 

smooth, and may show ulcers (Basu and Dickerson, 1996). 

 The more specific sign of deficiency is the development of macrocytic anemia 

either alone or in combination with characteristic lesions of the nervous system.  

The hematological changes due to vitamin B12 deficiency are identical with folate 

deficiency but usually take much longer to appear. Generally, the abnormal 

morphological changes in the bone marrow and peripheral blood are manifested at the 

final stages of chronic vitamin B12 deficiency. The lack of vitamin B12 may cause 

neurological disorders, characterized by peripheral neuropathy, subacute combined 

degeneration of the spinal cord, and mental changes. Some of the clinical 

manifestations include numbness and tingling in the hands and feet, diminution of 

vibration sense, unsteadiness, poor muscular coordination with ataxia, and poor 

memory (Basu and Dickerson, 1996; Scott, 1999; Allen, 2008). 

 2.5.4 Assessment of Vitamin B12 Status 

  2.5.4.1 Serum Vitamin B12 Concentration 

  The common procedure for determining vitamin B12 status has been the 

measurement of serum vitamin B12 levels (Ball, 2004). Low body stores of vitamin 

are associated with low serum levels of the vitamin (Sauderlich, 1999). The lower 

limit is considered to be approximately 120 to 180 pmol/l for adults but varies with 

the analytical methods used (Ball, 2004). Vitamin B12 deficiency is often 

accompanied by folate deficiency with clinical manifestations of macrocytic anemia 
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but without a sign of neurological disorder. It is important that patients with the 

anemia are tested for deficiencies of these two vitamins. Serum vitamin B12 and serum 

and RBC folate are laboratory assays that could be used effectively for the differential 

diagnosis (Basu and Dickerson, 1996).  

  2.5.4.2 Methylmalonic Acid Excretion 

  A more reliable indicator of vitamin B12 deficiency is the measurement of 

serum methylmalonic acid (MMA) levels in the urine. This substance is present in 

urine of normal individuals in very small amounts, but there is a profound increase in 

its excretion level in the presence of a deficiency of vitamin B12. This MMA 

accumulates when L-methylmalonyl Coenzyme A mutase activity is blocked by a 

deficiency of its coenzyme, adenosylcobalamin. Elevations of MMA are very specific 

to vitamin B12 deficiency and are unrelated to folate deficiency (Basu and Dickerson, 

1996; Ball, 2004). 

  2.5.4.3 Schilling Test 

  The schilling test measures vitamin B12 absorption, not the state of stores 

of the vitamin. This test provides information whether the malabsorption is due to a 

lack of intrinsic factor or a lack of gastric acid production or enzymic secretion 

(Sauderlich, 1999; Ball, 2004). 

  2.5.4.4 Deoxyuridine Suppresion Test 

  This method is a sensitive test which is used to assess folate and/or 

vitamin B12 status. The dUST is an isotopic procedure that assays the ability of 

nonradioactive deoxyuridine to suppress the incorporation of labeled thymidine into 

DNA via a pathway that is impaired in folate and cobalamin deficiency. This test is 

not practical or reliable for widespread use (Sauderlich, 1999; Beck, 2001). 
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  2.5.4.5 Plasma of Holotranscobalamin II 

  Plasma concentration of holotranscobalamin II provides an early and 

sensitive measurement of negative vitamin B12 balance. Vitamin B12 is rapidly 

depleted from holotranscobalamin II when vitamin B12 status is low. 

Holotranscobalamin II concentrations of less than 30 pmol/l were considered vitamin 

B12 deficient. Holotranscobalamin II concentrations of less than 15 pmol/l would 

indicate that no vitamin B12 is being absorbed. Borderline low holotranscobalamin II 

was considered to ranges from 29.6 to 44.4 pmol/l (40 - 60 pg/ml). Hence, a serum 

holotranscobalamin II level of less than 45 pmol/l (more than 60 pg/ml) was 

considered normal (Sauderlich, 1999). 

 2.5.5 Vitamin B12 Requirements 

An average size of the saturated body pool of vitamin B12 in adults is 

estimated to be 4 mg. The biological half-life of vitamin B12 is estimated to be from 

480 - 1,284 days (Basu and Dickerson, 1996). In Thailand, dietary reference intake 

(DRI) of vitamin B12 is set at 2.4 µg/day for adults male and females, 2.6 µg/day for 

pregnant women, and 2.8 µg/day for lactating women. Dietary reference intake (DRI) 

of vitamin B12 in children aged between 1 - 8 years is set as 0.9 - 1.2 µg/day and the 

amount of 1.8 - 2.4 µg/day is recommended for adolescent
 (Department of Health, 

Ministry of Public Health, 2003). 

2.5.8 Effect of High Dose of Vitamin B12 Supplementation  

Vitamin B12 has a very low toxicity. The administration of oral dose of  

1,000 µg of cobalamin per day produces no adverse effects. High plasma levels of the 

vitamin are indicative of disease, rather than hypervitaminosis B12 (Sauderlich, 1999; 

Castle and Hale, 2008). Vitamin B12 is not broken down within the body. Ingested 



23 

�

amounts that exceed the limited binding capacity in plasma and tissues are excreted 

unchanged in urine and feces (Ball, 2004).  

2.6 Metabolic Interaction between Folate and Vitamin B12  

 Folate and vitamin B12 are required in the methyl transfer reaction catalyzed 

by methionine synthase. In this reaction, vitamin B12 serves as cofactor (in the form of 

methylcobalamine) for the recycling of homocysteine to methionine and the 

demethylation of 5-methyl-THF to THF (Savage and Lindenbaum, 1995).  

Methionine converts to S-adenosylmethionine (SAM), which plays an important role 

as a methyl donor required for the maintenance of genomic methylation patterns that 

determine gene expression and DNA conformation, and is required for the synthesis 

of myelin, neurotransmitters, and membrane phospholipids (Thomas and Fenech, 

2008). 

 In metabolic interaction between folate and vitamin B12, methionine synthase 

contains tightly bound cob(I)alamin, and the reaction proceeds via methylation  

of the cofactor to the methylcob(III)alamin intermediate by 5-methylTHF.  

Then, 5-methylTHF transfers the methyl group from methylcob(III)alamin to 

homocysteine in a heterolytic cleavage to generate methionine and THF (Savage and 

Lindenbaum, 1995).   

This reaction can be impaired by vitamin B12 deficiency, known as 

methylfolate trap, leading to an accumulation of homocysteine and 5-methyl-THF in 

the cell. The accumulation of 5-methyl-THF occurs at the expense of THF, with the 

consequent impairment of the rate of reactions that require or depend on THF. 

Vitamin B12 deficiency can result in the impairment of thymidylate and purine 

synthesis. It can impair growth, as growth requires the synthesis of new nucleic acids.  

A decline in growth whether induced by a deficiency in folate or in vitamin B12, can 
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most easily be detected by examining the bone marrow (Basu and Dickerson, 1996; 

Brody, 1999; Sauberlich, 1999). 

2.7 Folate and Vitamin B12 in Thalassemia Patients 

 Folate and vitamin B12 is co-enzyme for many important biochemical 

reactions, especially in erythropoiesis. Ineffective erythropoiesis in thalassemia 

patients causes hypochromic microcytic anemia. Therefore, the body is compensated 

by increasing RBC formation, which can increase folate and vitamin B12 requirement. 

The overproduction of hematopoiesis in thalassemia patients maybe cause of risk at 

folate and vitamin B12 deficiencies. Folate and vitamin B12 deficiencies are common 

in thalassemia patients. These problems occur due to poor absorption, low dietary 

intake, or increased demand from active bone marrow in the patients (Koury and 

Ponka, 2004).  

There are many studies examined the levels of folate and vitamin B12 in 

thalassemia patients. Areekul et al. (1980) found that there was no evidence of 

vitamin B12 deficiency in thalassemia patients. Hartman et al. (2002) revealed that 

thalassemia intermedia patients had normal serum folate and serum vitamin B12. 

However, the research in thalassemia major patients who were on regular blood 

transfusion without taking folic acid supplement found that 29% of the patients had 

severely low serum folate level (0.8 ng/ml), and 68% of the patients had folate 

deficiency. With folic acid supplementation (1 mg/day) for 4 weeks, the level of 

serum folate was increased notably (9 ng/ml) (Mojtahedzadeh et al., 2006).  

Claster et al. (2009) also found that the 37.5% of thalssemia patients still had folate 

deficiency despite of 1 mg/d intake of folic acid.  
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CHAPTER III 
 

MATERIALS AND METHODS 

 
3.1  Research Design  

This research was a cross-sectional descriptive study. 

3.2  Subjects 

    Subjects were male or female outpatients with thalassemia intermedia  

who did not require high transfusion at Pediatric Hematology Clinic, Siriraj Hospital. 

All subjects received the explanation of experimental protocol, and the written 

informed consent was obtained before the beginning of the study. The study protocol 

was approved by the Ethics Committee for Researches Involving Human Subjects, 

Siriraj Institutional Review Board, Faculty of Medicine, Siriraj Hospital  

�Appendix E�.  

 The subjects who were diagnosed as thalassemia intermedia, aged between  

5 - 15 years old, and had baseline Hb between 7 - 9 g/dl were recruited into this study. 

None of them received blood transfusion and iron chelation therapy within  

3 months before enrollment. They had no history of infection either acute or chronic 

and surgical operation within 1 month before enrollment. In addition, the subjects did 

not take antibiotic medicine or stopped taking it less than 7 days before the study 

because the medicine could affect growth of Lactobacillus casei, the bacteria used in 

the analysis of folate in serum and RBC. The subjects who received medicines 

affecting growth and nutritional status such as growth hormones and glucocorticoid 

therapy were excluded from the study. 
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3.3  Experimental Design 

The study was conducted in the outpatients with thalassemia intermedia at 

Pediatric Hematology Clinic, Siriraj Hospital during the period from March 2010 to 

September 2010. Subjects who met the selection criteria were invited to participate in 

the study. After the subjects and their parents received the explanation of 

experimental protocol, the written informed consent was obtained. Then, the subjects 

did the questionnaires (Appendix B) about demographic characteristics and a 24-hour 

dietary recall. Furthermore, the subjects were evaluated for nutritional status by 

subjective global assessment (SGA) and anthropometric assessment including body 

weight, height, triceps skinfold thickness (TSF), and mid-arm circumference (MAC). 

After that, the subjects received nutritional counseling and dietary guideline for 

thalassemia patients �Appendix C�. Blood specimen was collected to examine 

complete blood count, reticulocyte count, albumin, total protein, serum and red blood 

cell (RBC) folate, and serum vitamin B12. 

3.4  Nutritional Assessment 

3.4.1   Subjective Global Assessment 

The subjective global assessment (SGA) scoring was done by the investigator 

using patient generated SGA �Appendix B�. According to the SGA scores, patients 

were classified into 3 categories as followed : 

  A = normal nutrition (score 1 - 14) 

  B = mild-to-moderate malnutrition (score 15 – 35)  

  C = severe malnutrition (score 36 – 49) 

 

 

 



27 

�

3.4.2   Anthropometric Assessments 

 In this study, body weight was measured to the nearest 0.1 kg while the 

subjects were wearing light clothing without shoes. Height was measured to the 

nearest 0.1 cm scale while the subjects were not wearing shoes and stood with their 

shoulders and heels touching the wall. Both body weight and height were measured 

by weight and height meter (402 KL Health meter® Professional, USA).  

 The data on weight and height of the subjects were used to calculate the 

percentage of weight for age (%W/A), the percentage of weight for height (%W/H), 

the percentage of height for age (%H/A), and body mass index (BMI). The standard 

of W/A, W/H, and H/A was based on the reference values for children aged 1 day - 19�

years old of Department of Health, Ministry of Public Health, Thailand.  

The percentiles of BMI for age were derived from the reference values of 

anthropometric reference data for children and adults, the United States.  

The percentages of W/A, W/H, H/A, and BMI were calculated using the following 

formulas : 

 

 

 

   
 
 
 
 
 

   

 

 

 

         % W/A          =�� ������������Weight of subject x 100 

     Weight of a normal child at the same age 

�

         % W/H          =�� ������������Weight of subject x 100 

     Weight of a normal child at the same height 

�

         % H/A          =�� ������������Height of subject x 100 

     Height of a normal child at the same age 

�

    BMI �kg/m2
�         =              Weight (kg) 

    [ Height (m) ]2 
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Triceps skinfold thickness was measured by a conventional skinfold caliper 

(Cambridge scientific industries�, Maryland, USA). Skinfold thickness measurements 

were performed three times in each patient and the values were then averaged for final 

calculation. Mid-arm circumference was measured by the measuring tape around the 

arm at the midpoint between the tips of the shoulder and elbow, and then the mid-arm 

muscle circumference (MAMC), arm muscle area (AMA), and arm fat area (AFA) 

were calculated from the equations :  

MAMC (cm)  = MAC (cm) – (� x TSF (cm)) 

 

 

 

 

  

 The values of TSF and MAC were used to calculate %TSF and %MAC. The 

standard of TSF and MAC were derived from the reference values of anthropometric 

reference data for children and adults, United States. The percentage of triceps 

skinfold thickness and %MAC were calculated as followed :   

 

 

 

 

 
      
   
 
 Nutritional status of the subjects was classified by the %W/A, %W/H, %H/A, 

%TSF, %MAC and the percentiles of BMI for age (Appendix A).  

 AMA (cm2)          =�������[MAC (cm) -  (��x TSF (cm))] 2  

���������������������������������������������
 

 AMA (cm2)          =�������[MAC (cm) -  (��x TSF (cm))] 2  

���������������������������������������������
 

       AFA (cm2)   =���������TSF (cm) x  MAC (cm)   -   ���x (TSF (cm)) 2 

          2    4 

     Weight of a normal child at the same height 

     %TSF         =          Actual TSF   (mm)   � 100 
 
             Standard TSF (mm) 

 
      %MAC         =          Actual MAC (cm)   � 100 

 
             Standard MAC (cm) 
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3.4.3   Dietary Assessment 

 Dietary intake of the subjects was assessed by 24-hour dietary recall. All items 

and portions of food consumed including name and method of preparation and 

cooking were recorded. The subjects estimated food portion size using standard 

household measuring cups and spoons. In addition, food pictures were used to help 

for estimation of food quantity (Appendix D). The food records were evaluated for 

energy and nutrient intake by the software THAI NUTRISURVEY version 2 �2008��

developed for Thai food by Department of Health, Ministry of Public Health and 

Faculty of Tropical Medicine, Mahidol University, Thailand.  

3.5   Blood Collection 

Venous blood sample was drawn from each subject to determine biochemical 

parameters including complete blood count, reticulocyte count, serum albumin, total 

protein, and serum vitamin B12 at laboratory unit, Department of Clinical Pathology, 

Siriraj Hospital. At Department of Tropical Medicine, Mahidol University, serum 

folate was prepared by centrifugation of blood samples at 5,000 rpm (Model HNS-II, 

Kroslak Enterprises, Inc., USA) for 15 minutes at room temperature. The diluted 

blood for determing RBC folate was done by drawing blood into the tube that 

contained 1% ascorbic acid, and then transfering to the tube that contained ascorbic 

acid in phosphate buffer pH 6.1. The supernatant serum and diluted blood was frozen 

at -20 ºC�until the day of analysis.  

3.6   Determination of Serum and RBC Folate (Sipahi, et al., 2007) 

 Folate in serum and whole blood were determined by microbiological assay 

technique using Lactobacillus casei (ATCC 7469). Folic acid casei medium was used 

as an assay medium because it was specific for L. casei growth. Folate concentration 
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was determined by the turbidity of folic acid casei medium due to the growth of 

bacteria using spectrophotometer. 

 The process of folate analysis included making the standard curve of folate 

concentration, which was prepared by adding standard folic acid stock solution, 

deionized double distilled water and double strength media in standard tube 

(Appendix D). For determination of folate concentration in serum and whole blood, 

the Lactobacillus casei tube (L.C. tube) and sample tubes were prepared by adding 

deionized double distilled water and double strength media in tubes, and then 

autoclaved them at 120ºC, 15 Ibs/inch2 for 15 minutes. After that, these tubes were 

cooled at room temperature. Serum and diluted blood were added in sample tubes. 

The one drop of Lactobacillus casei was added into L.C. tube and shaken well. One 

drop of solution from L.C. tube was added to each standard and sample tube.  

The solution was mixed well before incubating at 37ºC for 40 to 48 hours.  

After the incubation, the tubes were shaken well and measured the optical 

density at 655 nm by spectrophotometer. The absorbance of standard concentration 

assay tubes was averaged from two tubes. The folate concentrations in picograms per 

milliliter were plotted on the abscissa of an arithmatic graph. The sample 

concentration could be determined from this standard curve.  

Serum folate was calculated as followed : 

Serum folate conc. (ng/ml) 

 

 

 

 

  

 =    Folate conc. from standard curve  x Dilution factor  x Total volume 
 
    Volume of sample used 

 
           =    Folate conc. from standard curve x 1 x 6             (pg/ml) 

 
    0.05 
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Serum folate conc. (ng/ml)     = Folate conc. from standard curve x 0.12 

Red blod cell (RBC) folate was calculated using the following formala : 

RBC folate conc. (ng/ml)   

 

 

Whole blood folate conc. (ng/ml)  

 

 

 

 

 

 

 

Whole blood folate conc. (ng/ml)  =  Folate conc. from standard curve x 9.6 

3.7  Data Analysis 

 Categorical data were expressed as number of subjects. Continuous data was 

expressed as mean ± standard error of mean (SEM). The relations among 

anthropometric parameters for classifying nutritional status were evaluated by 

Cochran’s Q test. Correlations between nutritional parameters and the levels of folate 

and vitamin B12 and other measured parameters were reported as the Pearson's 

correlation coefficient. The significant level was set at p < 0.05. 

         =    Folate conc. from standard curve x Dilution factor  x Total volume 
 
    Volume of sample used 

 
          =    Folate conc. from standard curve x 800 x 6         (pg/ml) 
 
    0.5 

 
          =    Folate conc. from standard curve x 800 x 6         (ng/ml) 
 
    0.5 x 1,000 

 

  =    Folate conc. from standard curve x 1 x 6  (ng/ml) 
 
    0.05 x 1,000  

 

        =    [whole blood folate conc. – ( 1 – Hct (L)] x  serum folate conc. 
 

      Hct 
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CHAPTER IV 

 

RESULTS 

 
4.1  Subject Characteristics 

 During the period of March to September 2010, 30 patients who met the 

inclusion criteria were recruited into the study. The characteristics of the subjects are 

presented in Table 1. The subjects included 18 females (60%) and 12 males (40%) 

aged between 7 to 15 years (11.9 ± 0.4 years). The longest duration of thalassemia 

therapy after first diagnosis of the subjects was 12 years and the shortest duration was 

3 years. Most of the subjects (73.3%) had duration of therapy between  

6 - 10 years. Most of the subjects (90%) had �-thalassemia/Hb E, and the others had 

Hb AE Bart’s disease (3.3%), Hb H disease (3.3%) and Hb Constant Spring (3.3%). 

Twenty subjects (66.7%) had no co-morbid disease. However, 8 subjects (26.7%) had 

adrenal insufficiency, 1 subject (3.3%) had allergic rhinitis, and the other one (3.3%) 

had asthma. It was found that the subjects were taking folic acid (100%), multivitamin 

(66.7%), vitamin E (63.3%), and curcumin (13.3%). Nineteen subjects (63.3%) 

received the nutrition counseling for thalassemia patients before participating in this 

study.  
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Table 1 Characteristics of the subjects  

Characteristics Number of subjects (%) 

Sex 

     Female      

     Male 

 

18 (60.0) 

12 (40.0) 

Age (years) 

     5-10 

    11-15 

    Mean ± SEM 

 

  8 (26.7) 

22 (73.3) 

11.9 ± 0.4 

Duration of thalassemia therapy  after 

first diagnosis (years) 

     1-5 

     6-10 

     11-15 

 

 

 3 (10.0) 

22 (73.3) 

 5 (16.7) 

Types of thalassemia intermedia 

     �-thalassemia/ Hb E disease 

     Hb AE Bart’s disease 

     Hb H disease 

     Hb H with Constant Spring disease 

 

27 (90.0) 

1 (3.3) 

1 (3.3) 

1 (3.3) 

Prevalence of co-morbid diseases 

     No 

     Adrenal insufficiency 

     Allergic rhinitis 

     Asthma 

 

20 (66.7) 

 8 (26.7) 

1 (3.3) 

1 (3.3) 

Supplementation use 

     Folic acid 

     Multivitamin 

     Vitamin E 

     Curcumin 

 

30 (100) 

20 (66.7) 

19 (63.3) 

 4 (13.3) 

History of nutrition counseling 

     Yes 

     No 

 

19 (63.3) 

11 (36.7) 

SEM = standard error of mean  
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4.2  Nutritional Assessment 

 Nutritional assessment in this study included anthropometry, laboratory 

measurements and dietary record. According to gender difference and reference 

values for children 1 day - 19�years of Department of Health, Ministry of Public 

Health, 1999, the data in the present study were shown separately for males and 

females. 

  4.2.1 Anthropometry 

The results of anthropometric measurements are shown in Table 2. The mean 

weight was 30.1 ± 1.8 kg in males and 36.5 ± 2.8 kg in females. The mean height was 

137.5 ± 3.5 cm in males and 146.3 ± 3.7 cm in females. According to the present 

findings, the mean %W/A, %H/A, %TSF, and %MAC in males were lower than 

normal ranges, but the mean %W/H was in the normal range. In females, the mean 

%W/A, %TSF, %MAC were lower than normal ranges, but the mean %W/H and 

%H/A was in the normal range.  

 4.2.2 Laboratory Measurements  

 The laboratory data of the subjects are presented in Table 3. According to the 

reference values of the laboratory unit at Siriraj hospital, the results showed that the 

mean values of Hb, Hct, mean corpuscular volume (MCV), mean corpuscular 

hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) in 

both males and females were lower than the normal ranges, whereas platelet count, 

absolute neutrophils count (ANC) and reticulocyte count were higher than the normal 

ranges. The means of red blood cell (RBC) count, white blood cell (WBC) count, 

%neutrophils, %lymphocytes, %monocytes, %eosinophils, %basophils, serum total 

protein, and serum albumin were in the normal ranges for both genders. 

 
 



35 

�

Table 2 Anthropometric measurement of the subjectsa 
 

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameters Normal range Males  

(n = 12) 

Females  

(n = 18) 

Weight (kg) 

Height (cm) 

%W/A  

%W/H  

%H/A  

TSF (mm) 

%TSF 

MAC (cm) 

%MAC 

MAMC (cm) 

AMA (cm2) 

AFA (cm2) 

BMI (kg/m2) 

- 

- 

  90% - 110%b 

More than 90%c 

More than 95%c 

- 

More than 85%d 

- 

More than 85%d 

- 

- 

- 

- 

  30.1 ± 1.8 

137.5 ± 3.5   

  82.3 ± 2.6 

  95.6 ± 2.6  

  94.2 ± 1.3  

    9.5 ± 0.8 

    80.8 ± 7.0 

  18.9 ± 0.6 

  79.6 ± 2.2 

  15.9 ± 0.6 

  20.4 ± 1.6 

   8.3 ± 0.8 

 15.8 ± 0.4 

  36.5 ± 2.8 

146.3 ± 3.7 

  88.9 ± 4.6 

  92.5 ± 3.2 

  98.5 ± 1.2 

 12.8 ±1.1 

  78.4 ± 5.8 

  20.3 ± 0.8 

  81.4 ± 2.2 

  16.3 ± 0.5 

  21.4 ± 1.3 

  12.1 ± 1.3 

  16.5 ± 0.7 

a Values are expressed as mean ± SEM. 
b 

Normal ranges were obtained from Cogill, 2003. 
c Normal ranges were obtained from Waterlow, 1972. 
d Normal ranges were obtained from Ekvall et al, 2005. 

%W/A = percentage of weight for age; %W/H = percentage of weight for 
height; %H/A = percentage of height for age; TSF = triceps skinfold 
thickness; %TSF = percentage of triceps skinfold thickness; MAC = mid-
arm circumference; %MAC = percentage of mid-arm circumference; 
MAMC = mid-arm muscle circumference; AMA = arm muscle area;  
AFA = arm fat area; BMI = body mass index 

�



36 

�

Table 3 Laboratory parameters of the subjectsa 

a Values are expressed as mean±SEM. 
b 

Normal ranges were obtained from laboratory manual, Siriraj hospital. 
Hb = hemoglobin; Hct = hematocrit; RBC = red blood cell; MCV = mean corpuscular volume; 
MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration; 
WBC = white blood cell; ANC = absolute neutrophils count 

 

Parameters Normal rangeb Males  

(n = 12) 

Females  

(n = 18) 

Hb (g/dl)      Male > 14, 

  Female > 12 

    8.1 ± 0.2     7.9 ± 0.1 

Hct (%)      Male 42 - 52  

 Female 36 - 48 

  27.9 ± 0.6   27.1 ± 0.4 

RBC count (x106/µl)       Male 4.6 - 6.2  

  Female 3.9 - 5.6 

    4.8 ± 0.2     4.1 ± 0.1 

MCV (fl)      80.0 - 99.0   58.8 ± 1.8   67.4 ± 2.2 

MCH (pg)      27.0 - 31.0   17.2 ± 0.5   19.5 ± 0.5 

MCHC (g/dl)      31.0 - 35.0   29.2 ± 0.4   29.1 ± 0.5 

WBC count (x103/µl)        4.0 - 11.0     9.3 ± 0.9   10.3 ± 0.5 

Platelet count (x103/µl)    150.0 - 440.0 477.8 ± 59.0 593.4 ± 69.2 

ANC (x103/µl)        1.8 - 4.6     4.7 ± 0.5     5.3 ± 0.3 

% Neutrophils      40.0 - 74.0   45.6 ± 1.6   48.5 ± 2.1 

% Lymphocytes      19.0 - 48.0   41.8 ± 2.1   40.5 ± 1.7 

% Monocytes 4         3.4 - 9.0     7.8 ± 0.6     7.2 ± 0.8 

% Eosinophils           0 - 7.0     3.5 ± 0.6     2.7 ± 0.5 

% Basophils           0 - 1.5     0.7 ± 0.1     0.9 ± 0.1 

Reticulocyte count (%)         0.5 - 2     4.6 ± 0.8     5.2 ± 0.6 

Serum total protein (g/dl)        6.6 - 8.7     7.5 ± 0.1     8.1 ± 0.1 

Serum albumin (g/dl)        3.5 - 5.5     4.8 ± 0.1     4.7 ± 0.1 
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4.2.3 Dietary Record 

The dietary intakes of the subject were assessed by 24-hour recall. In this study, 

the results of average dietary nutrient intakes of the subjects are shown in  

Table 4. It was found that average total energy intakes in males and females were 

1,458.4 ± 103.2 kcal/day and 1,307.3 ± 136.6 kcal/day respectively, which were lower 

than the dietary reference intake for Thais 2003 recommended by Bureau of Nutrition, 

Ministry of Public Health, Thailand. According to the results, the percentage of energy 

distribution obtained from carbohydrate in females (44.0 ± 2.1) was lower than the 

recommended range while that in males (47.3 ± 2.3) was in the range. The percentages 

of energy distribution from protein were 18.2 ± 0.7 in males and 16.5 ± 1.4 in females, 

which were higher than the recommended ranges. The percentage of energy 

distribution from fat in males (34.4 ± 2.1) was in the recommended range, whereas in 

females (39.5 ± 2.2) was higher than the recommendation. According to the results, 

protein intake in both males and females were higher than the recommendation.  
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Table 4 Average dietary nutrient intakes of the subjectsa 

Dietary intake Recommended 

rangeb 

Males 

(n = 12) 

Females 

(n = 18) 

Energy intake 

     Total kcal/day 

              kcal/kg/day 

 

1,600 - 1,700 

- 

 

1,458.4 ± 103.2 

     49.8 ± 4.3 

 

1,307.3 ± 136.6 

     46.9 ± 5.8 

Energy distribution (%)    

     Carbohydrate� 45 - 65       47.3 ± 2.3       44.0 ± 2.1 

     Protein   9.4 - 12.2       18.2 ± 0.7       16.5 ± 1.4 

     Fat� 25 - 35       34.4 ± 2.1       39.5 ± 2.2 

Macronutrient intake    

     Carbohydrate 

              g/day 

              g/kg/day 

 

- 

 

 

 172.2 ± 14.0 

     5.7 ± 0.4 

 

  161.2 ± 10.7 

      5.0 ± 0.6 

     Protein 

              g/day 

 

40 - 41 

 

   66.3 ± 5.8 

 

    58.5 ± 3.6 

              g/kg/day 1.2      2.3 ± 0.2       1.8 ± 0.2 

     Fat 

              g/day 

 

- 

 

   56.0  ± 5.6 

 

     66.8 ± 5.9 

              g/kg/day                -       2.0 ± 0.3        2.2 ± 0.3 
a   Values are expressed as mean ± SEM. 
b    Recommended ranges were obtained from dietary reference intake for Thais 2003, Bureau of         

Nutrition, Ministry of Public Health. 
    SEM = standard error of mean 
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4.3  Identification of Nutritional Status 

 Nutritional status of each subject was classified by subjective global 

assessment (SGA) and anthropometric assessments.  

 4.3.1 Subjective Global Assessment (SGA) 

 According to SGA scores, most of the subjects had scores ranging from 7 - 8. 

However, 2 persons had score of 14. Based on the SGA scores, the subjects appeared 

to have normal nutrition.  

 4.3.2 Anthropometric Assessment 

 The results of nutritional status classified by %W/A, %W/H, and %H/A are 

presented in Table 5. According to %W/A, 11 subjects (36.7%) were well nourished,  

12 subjects (40.0%) were mildly malnourished, and 7 subjects (23.3%) were 

moderately malnourished. Based on %W/H, 50% of the subjects were well nourished, 

and mild malnutrition was found in 46.7% of the subjects. According to %H/A, 

63.3% of the subjects were well nourished, 26.7% and 10.0% were classified as mild 

and moderate respectively. No subject was in severely malnourished state when 

evaluation was made by %W/A, %W/H, and %H/A.  

 In this study, nutritional status of subjects classified by %TSF and %MAC are 

presented in Table 6. According to %TSF, 40% of the subjects were in normal 

nutrition, but 46.7% of the subjects were classified as severe malnutrition. The 

remaining subjects were malnourished with different degrees. Based on %MAC, 30% 

of the subjects had normal nutrition whereas 26.7% of the subjects were in severely 

malnourished state. According to BMI for age, 50% of the subjects were underweight 

because the BMI was less than the 5th percentile. There were 14 subjects (46.7%) 

having normal BMI status. However, 1 male subject was overweight.   
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Table 5 Nutritional status of the subjects classified by %W/A, %W/H, and %H/A 

Nutritional status % W/A % W/H % H/A 

Males Females Total Males Females Total Males Females Total 

Normal nutrition mean±SEM 

(n, %) 

93.2 ± 0.9 

(3, 25.0) 

105.6 ± 5.9 

(8, 44.4) 

102.2 ± 4.6 

(11, 36.7) 

 99.6 ± 3.0 

(8, 66.7) 

104.7 ± 5.6 

(7, 38.9) 

102.0 ± 3.0 

(15, 50.0) 

98.3 ± 1.2 

(5, 41.7) 

100.5 ± 1.0 

(14, 77.8) 

99.9 ± 0.8 

(19, 63.3) 

Mild malnutrition mean±SEM 

(n, %) 

83.2 ± 1.0 

(6, 50.0) 

  79.4 ± 1.4 

(6, 33.3) 

81.3 ± 0.9 

(12, 40.0) 

87.4 ± 1.1 

(4, 33.3) 

  85.2 ± 1.0 

(10, 55.6) 

85.8 ± 0.8 

(14, 46.7) 

92.6 ± 0.8 

(5, 41.7) 

  91.9 ± 0.7 

(3, 16.7) 

92.4 ± 0.5 

(8, 26.7) 

Moderate malnutrition mean±SEM 

(n, %) 

69.7 ± 2.9 

(3, 25.0) 

  69.6 ± 2.2 

(4, 22.2) 

69.7 ± 1.6 

(7, 23.3) 

-    79.8 ± 0.0 

(1, 5.6) 

 79.8 ± 0.0) 

(1, 3.3) 

 88.2 ± 1.8 

(2, 16.7) 

 89.5 ± 0 

(1, 5.6) 

88.6 ± 1.1 

(3, 10.0) 

Severe malnutrition mean±SEM 

(n, %) 

- - - - - - - - - 

SEM = standard error of mean; %W/A = percentage of weight for age; %W/H = percentage of weight for height; %H/A = percentage of height for age 
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Table 6 Nutritional status of the subjects classified by %TSF and %MAC 

Nutritional status % TSF % MAC 

Males Females Total Males Females Total 

Normal nutrition mean±SEM 

(n, %) 

108.4 ± 8.0 

(4, 33.3) 

98.6 ± 5.2 

(8, 44.4) 

101.9 ± 4.4 

(12, 40.0) 

88.1 ± 0.3 

(4, 33.3) 

93.0 ± 4.0 

(5, 27.8) 

90.8 ± 2.3 

(9, 30.0) 

Mild malnutrition mean±SEM 

(n, %) 

  81.3 ± 0.0 

(1, 8.3) 

-   81.3 ± 0.0 

(1, 3.3) 

82.3 ± 0.3 

(2, 16.7) 

84.0 ± 0.3 

(3, 16.7) 

83.3 ± 0.4 

(5, 16.7) 

Moderate malnutrition mean±SEM 

(n, %) 

  78.9 ± 0.0 

(1, 5.6) 

77.4 ± 0.9 

(2, 11.1) 

  77.9 ± 0.7 

(3, 10.0) 

77.7 ± 0.0 

(1, 8.3) 

76.8 ± 0.4 

(7, 38.9) 

76.9 ± 0.4 

(8, 26.7) 

Severe malnutrition mean±SEM 

(n, %) 

- 58.3 ± 6.5 

(8, 44.4) 

  60.2 ± 4.1 

(14, 46.7) 

72.1 ± 1.1 

(5, 41.7) 

70.5 ± 1.2 

(3, 16.7) 

71.5 ± 0.8 

(8, 26.7) 

SEM = standard error of mean; %TSF = percentage of triceps skinfold thickness; % MAC = percentage of mid-arm circumference 
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Table 7 Comparison of anthropometric parameters for classifying nutritional status 

Parameters Nutritional status 

Normal nutrition Malnutrition 

n, % n, % 

%W/A 11 (36.7) 19 (63.3) 

%W/H 15 (50.0) 15 (50.0) 

%H/A 19 (63.3) 11 (36.7) 

%TSF 12 (40.0) 18 (60.0) 

%MAC 9 (30.0) 21 (70.0) 

Cochran’s Q test was used for comparison of different anthropometric parameters for classifying 
nutritional status. 

 p-value of Cochran’s Q = 0.024  
 

4.4 Comparison of Anthropometric Parameters for Classifying Nutritional 

Status 

The results of comparison of anthropometric parameters for classifying 

nutritional status are presented in Table 7. Comparison of various anthropometric 

parameters that were used in classifying the nutritional status by Cochran’s Q test 

found that p-value was 0.024. However, after adjusting by Bonferroni method, there 

was no significant difference in these anthropometric parameters for evaluation of 

nutritional status. Nevertheless, the results did not indicate which anthropometric 

methods provided the best information for evaluating nutritional status in these 

patients. 
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Table 8 The levels of serum and RBC folate and serum vitamin B12 of the subjectsa 

a Values are expressed as mean±SEM. 
RBC = red blood cell 

4.5  Serum and RBC Folate and Serum Vitamin B12 of the Subjects 

 The levels of serum and RBC folate and serum vitamin B12 of the subjects are 

shown in Table 8. It was found that the mean of serum folate in the subjects was  

37.9 ± 2.7 ng/ml. It appeared that 96.7% of the subjects had normal serum folate 

levels and only 1 subject had serum folate deficiency. The lowest and highest levels 

of folate in serum were 2.4 and 65.1 ng/ml respectively. The mean RBC folate in the 

subjects was 297.6 ± 23.6 ng/ml. This study found that 24 subjects (80.0%) had 

normal RBC folate level, and 3 subjects (10.0%) had RBC folate deficiency. Three 

subjects (10.0%) had marginal RBC folate level. The lowest and highest levels of 

folate in RBC were 105.6 and 1,856.3 ng/ml respectively. According to serum vitamin 

B12, the mean of serum vitamin B12 in the subjects was 679.7 ± 29.8 pg/ml. The 

results showed that 53.3% of the subjects had normal vitamin B12 levels, and 46.7% 

of the subjects had high vitamin B12 levels. Vitamin B12 deficiency was not found in 

any subjects. The lowest and highest levels of serum vitamin B12 were 445.0 and 

1,029.0 pg/ml respectively.  

 

Parameters Normal  

range 

Males  

(n = 12) 

Females  

(n = 18) 

Total 

(n = 30) 

Serum folate (ng/ml) 

RBC folate (ng/ml) 

Serum vitamin B12 (pg/ml) 

> 6  

> 160 

191 – 663  

41.2 ± 4.2 

262.3 ± 32.7 

680.6 ± 50.1 

35.7 ± 3.5 

326.0 ± 32.6 

679.2 ± 38.0 

37.9 ± 2.7 

297.6 ± 23.6 

679.7 ± 29.8 
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4.6  Correlations of Parameters Measured in the Study 

 In the present study, correlation between nutritional parameters and the levels 

of folate, vitamin B12, hematological parameters in the subjects were evaluated.  

 4.6.1 Correlation between Anthropometric Parameters 

 The correlations between anthropometric parameters are presented in Table 9. 

It was found that anthropometric parameters measured in this study were significantly 

correlated with each other. The correlations between %W/A, %W/H, %H/A, %TSF 

and %MAC, which were used for classifying nutritional status and other 

anthropometric parameters are presented in Table 10. The results showed that %W/A 

was significantly correlated with weight (R = 0.755, p < 0.001), height (R = 0.492,  

p = 0.006), and TSF (R = 0.703, p < 0.001). Moreover, %W/A was significantly 

correlated with MAC (R = 0.794, p < 0.001), MAMC (R = 0.639, p < 0.001), AMA 

(R = 0.657, p < 0.001), AFA (R = 0.802, p < 0.001), and BMI (R = 0.824, p < 0.001).  

 This study found that %W/H was correlated with TSF (R = 0.500, p = 0.005), 

MAC (R = 0.555, p = 0.001), and MAMC (R = 0.461, p = 0.010). The percentage of 

W/H was also positively correlated with AMA (R = 0.483, p = 0.007), AFA  

(R = 0.580, p = 0.001), and BMI (R = 0.803, p < 0.010). The correlations of %H/A 

and weight (R = 0.648, p < 0.001), height (R = 0.708, p < 0.001), and TSF (R = 0.471, 

p = 0.019) were observed. The percentage of H/A was also correlated with MAC  

(R = 0.481, p = 0.007), MAMC (R = 0.376, p = 0.041), AMA (R = 0.373, p = 0.042), 

and AFA (R = 0.501, p = 0.005).  
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Table 9 Correlations between anthropometric parametersa 

Parameters Weight Height TSF MAC MAMC AMA AFA BMI 

Weight 1.000        

Height  0.902* 1.000       

TSF 0.751* 0.551* 1.000      

MAC 0.939* 0.752* 0.771* 1.000     

MAMC 0.841* 0.706* 0.445* 0.914* 1.000    

AMA 0.830* 0.681* 0.450* 0.914* 0.997* 1.000   

AFA 0.852* 0.620* 0.968* 0.890* 0.634* 0.640* 1.000  

BMI 0.827* 0.519* 0.769* 0.917* 0.799* 0.805* 0.881* 1.000 

 

 

 

 

 

 

 

 

* Significant correlation within nutritional parameter (Pearson’s correlation coefficient, p < 0.05) 
a Correlations are expressed as Pearson correlation coefficient (R). 

TSF = tricep skinfold thickness; MAC = mid-arm circumference; MAMC = mid-arm muscle circumference; 
AMA = arm muscle area; AFA = arm fat area; BMI = body mass index  
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Table 10 Correlations between anthropometric parameters for classifying nutritional 

status and other anthropometric parametersa 

Parameters %W/A %W/H %H/A %TSF %MAC 

Weight 0.755* 0.343 0.648* 0.439* 0.624* 

Height 0.492* -0.065 0.708* 0.199 0.293 

TSF 0.703* 0.500* 0.471* 0.812* 0.684* 

MAC 0.774* 0.555* 0.481* 0.533* 0.771* 

MAMC 0.639* 0.461* 0.376* 0.231 0.647* 

AMA 0.657* 0.483* 0.373* 0.254 0.673* 

AFA 0.802* 0.580* 0.501* 0.745* 0.778* 

BMI 0.824* 0.803* 0.294 0.611* 0.835* 

 

 

 

 

 It was found that %TSF was significantly correlated with weight (R = 0.439,  

p = 0.015), TSF (R = 0.812, p < 0.001), and MAC (R = 0.533, p = 0.002). 

Furthermore, it was also associated with AFA (R = 0.745, p < 0.001) and BMI  

(R = 0.611, p < 0.001). According to %MAC, it was correlated with weight  

(R = 0.642, p = 0.001), TSF (R = 0.771, p < 0.001), and MAC (R = 0.771, p < 0.001). 

In addition, %MAC was positively correlated with MAMC (R = 0.647, p < 0.001), 

AMA (R = 0.673, p < 0.001), AFA (R = 0.778, p < 0.001), and BMI (R = 0.835,  

p < 0.001). 

*   Significant correlation within nutritional parameter (Pearson’s correlation 
coefficient, p < 0.05) 

a   Correlations are expressed as Pearson correlation coefficient (R). 
%W/A = percentage of weight for age; %W/H = percentage of weight for height; 
%H/A = percentage of height for age; %TSF = percentage of tricep skinfold 
thickness; %MAC = percentage of  mid-arm circumference; TSF = tricep 
skinfold thickness; MAC = mid-arm circumference; MAMC = mid-arm muscle 
circumference; AMA = arm muscle area; AFA = arm fat area; BMI = body mass 
index  
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 4.6.2 Correlations between Anthropometry, Laboratory Parameters, and 

Dietary Nutrients Intake 

 The correlations of anthropometry, laboratory parameters and dietary nutrients 

intake are presented in Table 11. It was found that AMA was negatively correlated 

with fat intake (R = -0.380, p = 0.039). The correlations between anthropometric 

parameters used for classifying nutritional status (%W/A, %W/H, %H/A, %TSF and 

%MAC), laboratory parameters, and dietary nutrients intake are presented in  

Table 12. There was no significant correlation between these parameters. 
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Table 11 Correlations between anthropometry, laboratory parameters, and dietary nutrients intake a 

Parameters Weight Height TSF MAC MAMC AMA AFA BMI 

Serum total protein 0.302 0.331 0.229 0.257 0.214 0.201 0.234 0.176 

Serum albumin 0.152 0.267 0.103 0.106 0.084 0.077 0.065 -0.04 

Total energy intake -0.146 0.001 -0.166 -0.200 -0.176 -0.195 -0.201 -0.300 

Carbohydrate intake 0.055 0.105 -0.061 0.084 0.157 0.151 -0.023 -0.001 

Protein intake -0.191 -0.006 -0.231 -0.220 -0.163 -0.180 -0.268 -0.345 

Fat intake -0.212 -0.079 -0.130 -0.314 -0.358 -0.380* -0.206 -0.360 

 * Significant correlation within nutritional parameter (Pearson’s correlation coefficient, p < 0.05) 
a Correlations are expressed as Pearson correlation coefficient (R). 

TSF = tricep skinfold thickness; MAC = mid-arm circumference; MAMC = mid-arm muscle circumference; AMA = arm muscle area; 
AFA = arm fat area; BMI = body mass index  

48 
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Table 12 Correlations between anthropometric parameters for classifying nutritional 

status, laboratory parameters, and dietary nutrients intake a 

 

 

 

 

 

 

 

 

 

 

  

4.6.3 Correlation between Nutritional and Hematological Parameters 

It was found that several nutritional parameters were correlated with 

hematological parameters, and the results are presented in Table 13. The negative 

correlation between Hct and fat intake (R = -0.466, p = 0.009) was observed. 

Hemoglobin was positively correlated with MAMC (R = 0.376, p = 0.040) and AMA 

(R = 0.366, p = 0.047). Based on the results, RBC count was negatively correlated 

with serum total protein (R = -0.409, p = 0.025), but positively correlated with 

carbohydrate intake (R = 367, p = 0.046). Platelet count had significant correlation 

with serum total protein (R = 0.485, p = 0.007).  

 

 

Parameters %W/A %W/H %H/A %TSF %MAC 

Serum total protein 0.013 -0.033 0.194 -0.047 0.037 

Serum albumin -0.081 -0.202 0.107 0.084 -0.089 

Total energy intake -0.223 -0.312 -0.042 -0.218 -0.341 

Carbohydrate intake -0.022 0.007 -0.097 -0.039 -0.087 

Protein intake -0.318 -0.364 -0.036 -0.190 -0.331 

Fat intake -0.233 -0.388 0.030 -0.256 -0.342 

*   Significant correlation within nutritional parameter (Pearson’s correlation coefficient,  
p < 0.05) 

a   Correlations are expressed as Pearson correlation coefficient (R). 
%W/A = percentage of weight for age; %W/H = percentage of weight for height;  
%H/A = percentage of height for age; %TSF = percentage of tricep skinfold thickness; 
%MAC = percentage of  mid-arm circumference 
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Table 13 Correlations between nutritional and hematological parametersa  

Variable Hct Hb 
RBC 
count 

WBC 
count 

Platelet 
count 

Reticulocyte  
count 

Weight  0.073 0.277 -0.084 -0.124 -0.002 -0.039 

Height  0.095 0.282 -0.123 -0.279 0.067 -0.063 

% W/A -0.012 0.107 0.032 0.018 -0.079 -0.023 

% W/H -0.014 0.113 0.136 0.053 -0.136 0.014 

% H/A 0.035 0.048 -0.131 -0.081 0.077 0.045 

TSF  -0.128 0.062 -0.130 -0.033 -0.135 -0.007 

%TSF -0.073 0.030 0.108 0.072 -0.265 -0.074 

MAC  0.091 0.296 -0.021 -0.110 -0.081 -0.122 

%MAC 0.049 0.106 0.066 0.145 -0.195 -0.091 

MAMC  0.209 0.376* 0.053 -0.132 -0.027 -0.167 

AMA  0.205 0.366* 0.063 -0.131 -0.036 -0.174 

AFA  -0.057 0.146 -0.086 -0.029 -0.121 -0.041 

BMI  0.029 0.214 -0.010 -0.014 -0.081 -0.014 

Serum total protein  -0.014 -0.224 -0.409* 0.187 0.485* 0.340 

Serum albumin  -0.202 -0.034 -0.023 -0.121 -0.194 -0.361 

Energy intake  -0.282 -0.069 0.020 0.038 -0.019 -0.023 

Carbohydrate intake  0.010 0.277 0.367* -0.115 -0.112 -0.257 

Protein intake  0.014 0.041 -0.014 -0.080 -0.061 0.095 

Fat intake  -0.466* -0.360 -0.290 0.196 0.085 0.146 

 

 

 

 

 

 

 

 

*  Significant correlation within nutritional parameter (Pearson’s correlation coefficient, p < 0.05) 
a  Correlations are expressed as Pearson’s correlation coefficient (R). 

Hb = hemoglobin; Hct = Hematocrit; RBC count = red blood cell count; WBC count = white blood cell count; 
%W/A = percentage of weight for age; %W/H = percentage of weight for height; %H/A = percentage of height 
for age; TSF = tricep skinfold thickness; %TSF = percentage of tricep skinfold thickness; MAC = mid-arm 
circumference; %MAC = percentage of  mid-arm circumference; MAMC = mid-arm muscle circumference; 
AMA = arm muscle area; AFA = arm fat area; BMI = body mass index  
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Table 14 Correlations between serum and RBC folate and serum vitamin B12
a 

Parameters Serum  
folate 

RBC  
folate 

Serum  
vitamin B12 

Serum folate   1.000 -0.013  0.344 

RBC folate  -0.013  1.000 -0.006 

Serum vitamin B12   0.344 -0.006  1.000 

a Correlations are expressed as Pearson’s correlation coefficient (R). 
RBC = red blood cell 

.  

4.6.4 Correlation between Serum and RBC Folate and Serum Vitamin B12 

 The correlation between of serum and RBC folate and serum vitamin B12 were 

presented in Table 14. There was no significant correlation between these parameters. 

4.6.5 Correlation between Serum and RBC Folate and Serum Vitamin B12 

and Nutritional Parameters  

In this study, the correlations between serum and RBC folate and serum 

vitamin B12 and nutritional parameters are shown in Table 15. In brief, serum folate of 

the subjects was negatively correlated with weight (R = -0.480, p = 0.007), height  

(R = -0.425, p = 0.019), and MAC (R = -0.390, p < 0.033). Moreover, serum folate 

was negatively correlated with MAMC (R = -0.373, p = 0.042), AMA (R = -0.375,  

p = 0.041) and BMI (R = -0.381, p = 0.038). According to the results, serum vitamin 

B12 was negatively correlated with height (R = -0.400, p = 0.029). There was no 

significant correlation between RBC folate and any nutritional parameters observed in 

this study.  
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Table 15 Correlations between serum and RBC folate and serum vitamin B12 and 

nutritional parametersa  

Parameters 
Serum 
folate 

RBC 
folate 

Serum  
vitamin B12 

Weight    -0.480* -0.042 -0.223 

Height    -0.425*  0.009  -0.400* 

% W/A -0.331 -0.106 0.103 

% W/H -0.158 -0.109 0.286 

% H/A -0.252 -0.024 -0.106 

TSF  -0.274 -0.033  0.097 

%TSF -0.079 -0.201  0.276 

MAC    -0.390*  0.035 -0.096 

%MAC -0.146 -0.054  0.307 

MAMC    -0.373*  0.065 -0.198 

AMA    -0.376*  0.075 -0.179 

AFA  -0.343 -0.029  0.036 

BMI    -0.381* -0.095  0.030 

Serum total protein  -0.028 -0.230 -0.006 

Serum albumin  -0.013  0.280  0.029 

Energy intake   0.181 -0.084  0.008 

Carbohydrate intake   0.108  0.047  0.042 

Protein intake   0.267 -0.160 -0.087 

Fat intake   0.097 -0.104  0.003 

 

 

 

 

 

 

 

*  Significant correlation within nutritional parameter (Pearson’s correlation 
coefficient,  p < 0.05) 

a  Correlations are expressed as Pearson’s correlation coefficient (R). 
RBC = red blood cell; %W/A = percentage of weight for age; %W/H = percentage 
of weight for height; %H/A = percentage of height for age; TSF = tricep skinfold 
thickness; %TSF = percentage of tricep skinfold thickness; MAC = mid-arm 
circumference; %MAC = percentage of  mid-arm circumference; MAMC = mid-arm 
muscle circumference; AMA = arm muscle area; AFA = arm fat area; BMI = body 
mass index 
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Table 16 Correlations between serum and RBC folate, serum vitamin B12 and 

hematological parameters a  

 

Parameters Serum 

folate 

RBC 

folate 

Serum  

vitamin B12 

Hct  -0.100 -0.098 -0.205 

Hb  -0.016 -0.059 -0.157 

RBC count  0.053 -0.008 -0.082 

WBC count  -0.333 -0.074 -0.248 

Platelet count  -0.136 0.069 0.147 

Reticulocyte count  -0.100 -0.098 -0.205 

 

 
 
 

4.6.6  Correlation between Serum and RBC Folate, Serum Vitamin B12 

and Hematological Parameters 

The correlations between serum and RBC folate, serum vitamin B12 and 

hematological parameters are shown in Table 16. There were no significant 

correlations of serum and RBC folate and serum vitamin B12 and hematological 

parameters. 

 

 

 

 

 

 

�

a Correlations are expressed as Pearson’s correlation coefficient (R). 
RBC = red blood cell; Hb = Hemoblogin; Hct = hematocrit; RBC count = red 
blood cell count; WBC count = white blood cell count. 

�
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CHAPTER V 

 

DISCUSSION 

 
 The present study was to examine the nutritional status, the levels of folate in 

serum and RBC and serum vitamin B12 in patient with thalassemia intermedia who 

were not required high transfusion at Pediatric Hematology Clinic, Siriraj Hospital.  

The association between the levels of both vitamins and other measured parameters 

were also investigated.  

5.1  Subject Characteristics and Nutritional Status 

 There were 30 subjects (12 males and 18 females) aged between 7 - 15 years 

participating in the study. According to the child development period, the average age 

of the subjects was in the range of middle childhood and middle adolescence (Centers 

for Disease Control and Prevention, 2009). In the present study, most of the subjects 

had �-thalassemia/Hb E, which is the most common �-thalassemia in Thailand and 

other countries in South-East Asia region (Viprakasit et al., 2001).  

 The children with thalassemia intermedia in this study appeared to have 

normal nutrition when evaluated by SGA. SGA is a useful tool for assessment of 

nutritional status in children with chronic and systemic conditions (Secker and 

Jeejeebhoy, 2007; Mahdavi, Safaiyan, and Ostadrhimi, 2009). Using the SGA 

method, the prevalence of malnutrition in hospitalized pediatric patients was about 

35.9% in the study of Rojratsirikul, Sangkhathat, and Patrapinyokul (2004) and 70.7% 

in the study of Mahdavi et al. (2009). Undetectable malnutrition among subjects 

evaluated by SGA in the present study may be due to the limitation of the method. 

The SGA is unable to categorize mild malnutrition (Sungurtekin et al., 2004).  
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The subjects in this study were thalassemia intermedia who did not required blood 

transfusion. All of them were taking folic acid for increased erythropoiesis (Borgna-

Pignatti, 2007), and most of them experienced nutritional counseling. Therefore, the 

degree of malnutrition in these patients may not be high. In addition, Mahdavi et al. 

(2009) found that SGA did not correlate with the objective nutritional assessment. 

Thus, this method should be used together with anthropometric assessment.  

 Anthropometric parameters have been used to assess nutritional status in 

children with thalassemia. The measurements included %W/A (Tienboon et al., 1996; 

Saxena, 2003; Asadi-pooya, Karimi, and Immanieh, 2004), %W/H (Tienboon et al., 

1996),  %H/A (Tienboon et al., 1996; Viprakasit et al., 2001; Karamifar et al., 2002; 

Saxena, 2003; Asadi-pooya et al., 2004), %TSF (Tanphaichitr et al., 1995), %MAC 

(Tanphaichitr et al., 1995; Arijanty et al., 2006), and BMI for age�(Viprakasit et al., 

2001; Saxena, 2003; Asadi-pooya and Karamifar, 2004; Fung et al., 2010). However, 

there were no studies indicating which parameters provided the best information for 

evaluating nutritional status in these patients. Hence, it is probably necessary to use 

combination of various parameters to determine nutritional status in thalassemia 

patients.  

The thalassemia intermedia patients in this study had malnutrition when the 

nutritional status was evaluated by %W/A, %W/H, %H/A, %TSF, %MAC and the 

percentiles of BMI for age. The nutritional status classified by %W/A showed that 

63.3% of subjects were underweight, arising from gaining insufficient weight relative 

to age. The percentage of W/A is often used to categorize overweight or underweight 

and used to assess the current nutritional status (Zemel et al., 1997). With this 

measurement, Tanphaichitr et al. (1995) found that 74.5% of thalassemia children 

were underweight. Tienboon et al. (1996) also found that 64% and 78% of male and 
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female thalassemia children respectively were moderately to severely underweight 

when evaluated by %W/A. In the case of unknown age, present nutritional status can 

be assessed by W/H (Waterlow, 1972). The results of this study showed that 50% of 

the subjects evaluated by %W/H were malnourished. They were thin or wasted.  

This agreed with previous study that thalassemia patients had an evidence of acute 

wasting when nutritional status was assessed by %W/H (Tanphaichitr et al., 1995). 

Evaluation of nutritional status by both %W/A and %W/H in this study showed 

similar results that most of the children with thalassemia intermedia were currently 

underweight. 

The past nutrition or chronic malnutrition is able to evaluate by %H/A.  

When a child is exposed to inadequate nutrition for a long period of time,  

growth is impaired resulting in stunting. It was found that 36.7% of children with 

thalssemia intermedia from this study had delayed linear growth. This result was 

consistent with the previous study that 72.3% of thalassemia children were stunted 

(Tanphaichitr et al., 1995) and 69.8% of patients with thalassemia major had short 

stature (Najafipour et al., 2008). The etiology of impaired growth in thalassemia 

patients might be attributed to the chronic undernutrition. Long-term poor dietary 

intake may be one of the causes of short stature of patients in this study.  

 From this study, the nutritional status classified by %TSF, %MAC and the 

percentile of BMI for age showed that 60%, 70% and 50% of the subjects respectively 

were malnourished. The results were similar to the previous study of Tanphaichitr et 

al. (1995) that 53.7% and 75.6% of thalssemia children evaluated by %TSF and 

%MAC respectively had malnutrition. Moreover, the previous studies on BMI found 

that underweight is a common finding in children with thalassemia (Asadi-pooya and 

Karamifar 2004; Fung et al., 2010). The percentage of TSF is a parameter for 
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assessing the total body fat reserves, and %MAC is used to evaluate the status of 

muscle wasting (Zemel et al., 1997; Gibson, 2005). Body mass index is an indicator 

for the chronic protein and energy status of the individual, and it also correlates better 

with body fat than body weight�(Gibson, 2005). The results of %TSF, %MAC and the 

percentiles of BMI for age indicated that the subjects in this study had low body fat 

and muscle compared with standard. These findings may be due to the combination of 

low energy reserves and mildly hypercatabolic state in thalassemia patients (Vaisman 

et al., 1995) that makes body muscle degradation leading to wasting condition. 

Overall, the results of anthropometry measurements demonstrated that children with 

thalassemia intermedia were both wasting and stunting. 

 Biochemical parameters provide information about nutrient availability in 

biological fluid and tissue (Lee and Nieman, 2003). In this study, serum total protein 

and albumin were measured to evaluate nutritional status of the subjects. It was found 

that the levels of both parameters were in the normal ranges. The results were similar 

to those in children with thalassemia major (Fuches et al., 1996). Total protein is an 

index of visceral protein status (Sauberlich, 1999) while serum albumin 

concentrations reflect changes occurring within the intravascular space. Both 

parameters are influenced by dietary protein (Gibson, 2005). It is possible that serum 

total protein and albumin levels were in normal ranges because the amount of protein 

intake of the patients in this study was higher than the recommendation (Ministry of 

Public Health, Department of Health, 2003).  

Dietary intake plays a role in optimal nutrition status. It was reported that 

thalassemia patients required higher amount of nutrients to support the normal body 

function (Tienboon et al., 1996; Soliman et al., 2004; Al-Saqladi et al., 2008;  

Fung, 2010). However, Tanphaichitr et al. (1995) found that thalassemia children had 
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low energy intake (65% of the mean recommended energy intake). Similarly, the 

subjects in this study also had total energy intake lower than the DRI recommended 

by Department of Health, Ministry of Public Health, Thailand (Ministry of Public 

Health, Department of Health, 2003). The energy distribution from carbohydrate of 

the female subjects was lower than the recommended range while energy from 

carbohydrate of male subjects was at the minimum end of recommendation. With 

considering on energy intake, low total energy intake, especially in females, in this 

study may be the results from low amount of food intake and low caloric distribution 

from carbohydrate, which is the major energy providing nutrient. It appeared that the 

percentage of energy distribution from protein of the subjects in this study was higher 

than the recommended range. The results were similar to those of Zemel et al. (2007) 

who studied in children with sickle cell disease and found that these children 

consumed protein more than recommended range. Although the study showed that the 

protein intake was high, thalassemia patients still had problem with malnutrition. 

Therefore, nutritional counseling should be included in the treatment process of these 

patients in order to meet the dietary recommendation and improve nutritional status.  

5.2  Serum and RBC Folate and Serum Vitamin B12 of the Subjects 

 It was found that most of the patients with thalassemia intermedia in this study 

had serum and RBC folate in the normal ranges, and only one subject had folate 

deficiency. The levels of serum vitamin B12 in these patients were slightly higher than 

normal range. Castaldi et al. (1983) found that patients with thalassemia minor had a 

significant decrease in both plasma and RBC folate levels, compared with normal 

subjects. However, in thalassemia minor patients, the level of plasma folate was in the 

normal range while RBC folate level was higher than the normal range. Kumar et al. 

(1985) studied the levels of serum folate, RBC folate, and serum vitamin B12 in 
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homozygous �-thalassemia patients, and they found that the patients had lower serum 

folate and higher RBC folate and serum vitamin B12 than the normal subjects. They 

also found that 4.3% of thalassemia patients had folate deficiency.  

Folate and vitamin B12 have crucial roles in erythropoiesis. Erythrocytes 

employ those vitamins for proliferation during differentiation (Koury and Ponka, 

2004). Serum folate levels reflect circulating folate, while RBC folate represents 

intracellular folate status. Therefore, RBC folate is a better indicator of body stores 

and nutritional status (Sipahi et al., 2007). As folate utilization increased from 

increased erythropoiesis, daily folic acid supplementation is advised for patients with 

thalassemia (Borgna-Pignatti, 2007). Previous studies reported that the mean level of 

serum folate in patients with �-thalssemia major who took 1 mg/day of folic acid 

supplement ranged from 8.8 ± 1.9 to 11.8 ± 7.7 ng/ml (Mojtahedzadeh et al., 2006; 

Claster et al., 2009) The level was less than that in this study (37.9 ± 2.7 ng/ml). The 

difference may be due to the dose of supplementation. It appeared that the subjects in 

the present study took folic acid at the dose of 5 mg/day. Furthermore, folate levels of 

the subjects in this study may also attribute to their diets as the diets they consumed 

included fresh vegetables and fruits, which were the good sources of folate.  

Folate is essential for erythropoiesis. The hematological values of the patients 

in this study were still not in the normal ranges even though folic acid was 

supplemented. Moreover, serum and RBC folate levels were not significant correlated 

with hematological parameters. Although folic acid supplementation in this study  

(5 mg/day) did not improve hematological parameters, it�is still essential for the 

formation of RBC due to ineffective erythropoiesis in the bone marrow (Lo and 

Singer, 2002; Howard and Hamilton, 2008). Therefore, the recommendation of 

routine folic acid supplementation may be necessary in thalassemia patients. 
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The level of serum vitamin B12 in the subjects in this study was higher than the 

normal range, and no vitamin B12 deficiency was found. This was similar to the result 

in patients with thalassemia major that showed normal levels of vitamin B12 (Claster 

et al., 2009). It is possible that the store of vitamin B12 is depleted very slowly as the 

biological half-life in the liver is estimated to be over 400 days. The long biological 

half-life provides protection against deprivation for more than a year (Basu and 

Dickerson, 1996). Normal levels of vitamin B12 in this patients indicated that vitamin 

B12 supplementation may not be necessary in thalassemia intermedia patients. 

5.3  Correlation of Parameters Measured in the Study 

In the present study, the significant interrelationships between the various 

parameters were found. The percentages of W/A, W/H, and H/A were found to have 

relationships with weight, body fat and muscle. From the previous study, the 

correlation of %H/A and AMA indicated that height may be an indicator of muscle 

store in the children with thalassemia (Zemel et al., 2007). The percentage of TSF is a 

parameter indicating the total body fat reserves. According to the results, %TSF was 

correlated with BMI, which is obtained from weight and height and is related with 

body fat (Gibson, 2005). These demonstrated that anthropometric parameters used to 

evaluate nutritional status in this study (%W/A, %W/H, %H/A, %TSF, %MAC,  

the percentiles of BMI for age) could reflect the storage of body fat and muscle. 

Improvement of these anthropometric parameters is necessary for promoting 

nutritional status, and this can be accomplished by nutritional counseling.  

For the correlation between anthropometric and hematological parameters in 

this study, Hb was positively correlated with MAMC and AMA. The finding was 

similar to that found by Fung et al. (2010) that Hb level in thalassemia patients was 

positively correlated with lean mass by increasing of every 1 g/dL Hb level, lean body 
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mass increased by 0.9 kg. Although there was no significant correlation between Hb 

and height in this study, the previous study reported that Hb was significant associated 

with height (Tienboon et al., 1996; Saxena, 2003). However, there was no significant 

correlation of reticulocyte count and nutritional parameters. The result was in 

agreement with the previous study (Zemel et al., 2007) which reported in children 

with sickle cell disease that reticulocyte count was no association with dietary intake. 

In this study, there was no significant correlation between serum and RBC 

folate and serum vitamin B12. However, several correlations between anthropometric 

parameters and those vitamin levels were found. The results showed that serum folate 

was inversely correlated with weight, height, BMI, MAC, MAMC and AMA. Serum 

vitamin B12 was negatively correlated with height. Although the correlations between 

the levels of folate and vitamin B12 and several anthropometric parameters were 

found, it was still difficult to intreprete these results because the levels of folate in the 

patients were influenced by folic acid supplement.   

Folate and vitamin B12 serves as coenzymes in erythropoiesis. There was no 

significant correlation between serum and RBC folate and serum vitamin B12 with 

hematological parameters in this study. Arsenault et al. (2009) studied in normal 

children found that Hb was not associated with vitamin B12 levels but inversely 

associated with serum and RBC folate. However, the mechanisms to explain an 

inversely relation between folate and Hb concentration in the absence of folate 

deficiency are still unclear. Moreover, the degree of anemia in thalassemia patients 

was not influenced by folate body store (Castaldi et al., 1983). Al-saqladi et al. (2008) 

studied in children patients with homozygous sickle cell disease and found that folate 

supplementation did not affect the change in hematological and growth parameters. 
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This suggested that improving folate status of the subjects in this study did not affect 

nutritional status and hematological parameters. 
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CHAPTER VI 

 

CONCLUSION 

 
The present study was to examine the nutritional status, the levels of folate in 

serum and RBC and serum vitamin B12 in thalassemia intermedia patients who were 

not required high transfusion at Pediatric Hematology Clinic, Siriraj Hospital. 

Correlations between the levels of both vitamins and other measured parameters were 

also observed. There were 30 subjects (12 males and 18 females) aged between 7 - 15 

years enrolled in this study. The result from SGA showed that no subjects had 

malnutrition. However, when nutritional status was classified by %W/A, %W/H, 

%H/A, %TSF, and %MAC, the prevalence of malnutrition were 63.3%, 50.0%, 

36.7%, 60.0% and 70.0% respectively. According to the percentile of BMI for age, 

50% of the subjects were underweight. Daily total energy intake of the subjects was 

lower than the recommendation. The levels of serum and RBC folate of the most 

subjects were in the normal ranges after folic acid supplementation. Most of the 

subjects had normal serum vitamin B12
level. The percentages of W/A, W/H, H/A, 

TSF, and MAC and BMI were related with weight, body fat and muscle. MAC and 

AMA were found to be correlated with Hb. There was no significant correlation 

between levels of serum and RBC folate and serum vitamin B12.  

In conclusion, it appeared that the children with thalassemia intermedia had 

malnutrition. Several methods should be used in combination to evaluate nutrition 

status of thalassemia patients. Although folate and vitamin B12 deficiency was not 

found among most of the subjects, both vitamins are still required for rapid RBC 

formation in thalassemia patients. 
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Recommendations for Further Research 

The sample size should be increased in further study for better explanation of 

some factors that are related to the nutritional status. Comparison of nutritional status 

and level of serum and RBC folate and vitamin B12 between patients with different 

types of thalassemia and healthy subjects may be necessary.  
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Table A-1   Gomez’s classification of nutritional status (Cogill, 2003) 

Degree of nutritional status % weight for age 

Grade 0:normal   90 - 110% 

Grade I: mild malnutrition 75 - 89% 

Grade II: moderate malnutrition 60 - 74% 

Grade III: severe malnutrition Less than 60% 

Table  A-2  Waterlow’s classification of nutritional status (Waterlow, 1972; 

Waterlow 1973) 

Degree of nutritional status %Weight for Height %Height for Age 

Grade 0:normal More than 90% More than 95% 

Grade I: mild malnutrition 80 - 90 90 - 95% 

Grade II: moderate malnutrition 70 - 80 85 - 90% 

Grade III: severe malnutrition Less than 70% Less than 85% 

Table  A-3 Standard categories of  percentage of  standard triceps skinfold thickness 

(Ekvall et al., 2005) 

Degree of nutritional status %TSF 

Grade 0:normal More than 85% 

Grade I: mild malnutrition 80.0 - 85.0 

Grade II: moderate malnutrition 75.0 - 79.9 

Grade III: severe malnutrition Less than 75% 
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Table A-4 Standard categories of  percentage of  standard mid-arm circumference 

(Ekvall et al., 2005)


Degree of nutritional status %MAC 

Grade 0:normal More than 85% 

Grade I: mild malnutrition 80.0 - 85.0 

Grade II: moderate malnutrition 75.0 - 79.9 

Grade III: severe malnutrition Less than 75% 

Table A-5 Standard categories of  BMI for age ;Centers for Disease Control and 

Prevention,  2010).  


Weight Status Category Percentile Range 

Obese Equal to or greater than the 95th percentile 

Overweight 85th to less than the 95th percentile 

Healthy weight 5th percentile to less than the  85th percentile 

Underweight Less than the 5th percentile 

 BMI = body mass index 
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Table A-6 Triceps skinfold thickness in millimeters for children and adolescents aged  

2 months -19 years by sex and age, by mean, standard error of mean, and selected 

percentiles: United States 2003-2006 (McDowell et al., 2008) 
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Table A-7 Mid-arm circumference in centimeters for children and adolescents aged 

2 months -19 years by sex and age, by mean, standard error of mean, and selected 

percentiles: United States 2003-2006 (McDowell et al., 2008) 
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Table A-8 Body mass index values for children and adolescents aged 2-19 years by 

sex and age, by mean, standard error of mean, and selected percentiles: United States  

2003-2006 (McDowell, Fryar, and Ogden et al., 2008) 
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Appendix B 

The Using Form in this Study 
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Appendix C 

The Dietary Guideline for Thalssemia Patients 
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Preparation of Reagents for Determination of Folate Level  

at Faculty of Tropical Medicine, Mahidol University 

1. Micro Inoculum Broth (Maintenance medium) 

 Maintenance medium was prepared by dissolving 18.5 g of micro inoculum 

broth in distilled water and adjusted volume to 500 ml, stirred and filtered through 

filter paper No. 1. Then, 10 ml of this medium was dispensed into each 16 x 125 mm 

screw-capped tube. These tubes were autoclaved at 15 Ibs/inch2 for 15 minutes and 

left until cool at room temperature. One of these tubes was incubated at 37 ºC 

overnight for sterility checking then stored this broth set at 4ºC until used. 

2. Stock Culture of Lactobacillus casei (ATCC 7469) 

Lactobacillus casei (ATCC 7469) was maintained in the maintenance medium 

(M.M.) containing tube and stored at 4ºC. It must be subcultured every 2 weeks by 

adding aseptically one drop of pipette from the last stock culture to the fresh M.M. 

containing tube. This tube was incubated at 37ºC for 18 hours and used in the next 

subculture for the preparation of inoculums. Occasionally, the stock of L. casei was 

checked for the purity by plating on the blood agar medium and incubated at 4ºC. 

3. Inoculum 

One drop of Stock culture of Lactobacillus casei (ATCC 7469) that incubated 

at 37ºC for 18 hours was transferred to the containing maintenance medium and 

incubate at 37ºC for 6 hours.  

4. Folic Acid Casei Medium (Double strength media) 

The ready-synthetic assay medium was stored at 4ºC to avoid deterioration. 

The medium 9.4 g was dissolved in 100 ml distilled water. This solution was warmed 

until the medium was completely dissolved. Then 0.05 g of ascorbic acid was 

dissolved in this solution and filtered through a filter paper.  
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5. Phosphate Buffer pH 6.1 

Stock solution A, 0.2 M acid solution, was prepared by dissolving sodium 

dihydrogen phosphate dihydrate ((NaH2PO4.2H2O) 31.2 g in deionized double 

distilled water and adjusted volume to 1000 ml. 

Stock solution B, 0.2 M base solution, was prepared by dissolving disodium 

hydrogen phosphate (Na2HPO4) 28.2 g in deionized double distilled water and 

adjusted volume to 1000 ml. 

Stock solution A 215.5 ml was mixed with 37.5 ml of Stock solution B and 

adjusted volume by deionized double distilled water to 1000 ml. The pH of solution 

was adjusted to pH 6.1. This solution stored at room temperature and used within 1�

month. 

6. Phosphate-ascorbate Buffer 

Dissolved 150 mg of ascorbic acid in 100 ml of phosphate buffer pH 6.1. 

This solution was immediately prepared before use because the ascorbic acid is 

unstable for long periods at this pH. 

7. Standard Folic Acid Stock Solution 1.0 x 10-5 g/ml 

One hundred milligrams of standard folic acid powder were dissolved in 20 

ml of deionized double distilled water. The 0.1 N sodium hydroxide was slowly added 

until the solution became clear yellow. It was made up to 100 ml with distilled water. 

The concentration of this solution was 1.0 x 10-3 g/ml. Then one milliliter of this 

solution was further diluted to 1.0 x 10-5 g/ml with 20% ethyl alcohol. Two milliliter 

of this concentration was transferred to each tube as a stock solution which was kept 

at -80ºC. This stock solution must be used within one month.  
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8. Standard Folic Acid Stock Solution 1.0 x 10-9 g/ml  

One milliliter of the standard folic acid stock solution 1.0 x 10-5 g/ml was 

diluted with 100 ml of deionized double distilled water to 1.0 x 10-7 g/ml. Then one 

milliliter of this solution was further diluted to 1.0 x 10-9 g/ml with deionized double 

distilled water. 

9. Standard Folic Acid Stock Solution 1.0 x 10-10 g/ml  

Ten milliliters of the standard folic acid stock solution 1.0 x 10-9 g/ml was 

diluted with 100 ml of deionized double distilled water to 1.0 x 10-10 g/ml. 
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Table D-1 Protocol for preparation of standard curve 

No. 

 

Final folate 

concentration  

(pg/ml) 

Standard folic acid stock 

solution 

 

Deionized 

double 

distilled 

water 

(ml) 

 

Double 

strength 

media  

(ml) 

 

Total 

volume 

(ml) 
1.0 x 10-10g/ml  

(ml) 

1.0 x 10-9 g/ml 

(ml) 

control 0 - - 3.00 3.00 6.00 

0 0 - - 3.00 3.00 6.00 

1 5 0.30 - 2.70 3.00 6.00 

2 10 0.60 - 2.40 3.00 6.00 

3 20 1.20 - 1.80 3.00 6.00 

4 40 2.40 - 0.60 3.00 6.00 

5 70 0.20 0.40 2.40 3.00 6.00 

6 100 - 0.60 2.40 3.00 6.00 

7 150 - 0.90 2.10 3.00 6.00 

8 200 - 1.20 1.80 3.00 6.00 

9 300 - 1.80 1.20 3.00 6.00 
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Appendix E 

Approval of Certificate from Ethics Committee  

for Researches Involving Human Subjects,  

Siriraj Institutional Review Board 

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



117 
 

�

�



118 
 

�

�
�
�
�
�



119 
 

�

�
�
�
�
�
�
�
�
�
�

�

 

Appendix F 

Statistic Analysis 
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Normal Distribution Test 

 One-sample Shapiro-Wilk test was used to investigate whether the variables 

were normally distributed.  The data showed that p-value of some tested variables 

were more than 0.05 (Table F-1). However, p-value of some tested variables were 

less than 0.05, they were tested by Skewness or Kurtosis test. If the value of 

Skewness’statistic (or Kurtosis’ statistic) � 1.96 (standard error of Skewness or 

Kurtosis) cross zero, the variables were normally distributed (Table F-2). If the 

variables were not accepted by Skewness or Kurtosis test, the outliners were cut and 

the data were tested normal distribution again by Shapiro-Wilk test (Table F-3). 

However, p-value of some tested variables were less than 0.05, they were tested by 

Skewness or Kurtosis test again. If the value of Skewness’statistic (or Kurtosis’ 

statistic) � 1.96 (standard error of Skewness or Kurtosis) cross zero, the variables 

were normally distributed (Table F-4). It suggested that parametric statistics could be 

used to compare mean of variables in this study.    
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Table F-1 Shapiro-Wilk’s test of parameter 

 
Variables Shapiro-Wilk’s Value df p-value 

Age (years) 0.912 30   0.016* 

Weight (kg) 0.963 30 0.371 

Height (cm) 0.963 30 0.359 

TSF (mm) 0.973 30 0.627 

%TSF 0.979 30 0.786 

MAC (cm) 0.963 30 0.376 

%MAC 0.905 30   0.011* 

MAMC (cm) 0.977 30 0.732 

AMA (cm2) 0.960 30 0.317 

AFA (cm2) 0.939 30 0.086 

%H/A 0.981 30 0.851 

%W/A 0.888 30   0.004* 

%W/H 0.854 30   0.001* 

BMI (kg/m2) 0.912 30   0.017* 

Energy intake (kcal/day) 0.980 30 0.812 

Carbohydrate intake (g/day) 0.950 30 0.169 

Protein intake (g/day) 0.907 30   0.012* 

Fat intake (g/day) 0.967 30 0.467 

Hb (g/dl) 0.964 30 0.397 

Hct (%) 0.954 30 0.219 

RBC count (x106/µl) 0.960 30 0.319 

MCV (fl) 0.941 30 0.099 

MCH (pg) 0.970 30 0.552 

MCHC (g/dl) 0.955 30 0.228 

WBC (x103/µl) 0.446 30   0.000* 

Platelet count (x103/µl) 0.854 30   0.001* 

ANC (x103/µl) 0.936 30   0.071* 

%Neutrophils 0.964 30 0.395 

%Lymphocytes 0.975 30 0.679 
 

 

 

* data were not normally distributed (p < 0.05) 
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Table F-1 Shapiro-Wilk’s test of parameter (continued) 

 

Variables Shapiro-Wilk’s Value df p-value 

%Monocytes 0.943 30 0.112 

%Eosinophils 0.918 30   0.024* 

%Basophils 0.890 30   0.005* 

Reticulocyte count (%) 0.934 30 0.064 

Albumin  (g/dl) 0.947 30 0.137 

Total protein (g/dl) 0.945 30 0.126 

Serum folate (ng/ml) 0.971 30 0.563 

RBC folate (ng/ml) 0.652 30   0.000* 

Vitamin B12 (pg/ml) 0.935 30 0.069 
 
      * data were not normally distributed (p < 0.05) 
 
Table F-2 The Skewness and Kurtosis test  

Variables Skewness value Kurtosis value 

Age (years) (-2.653) - (1.267) (-2.335) - (1.585) 

%MAC (-0.899) - (3.021)    (0.308) - (4.228)* 

%W/A (-0.412) - (3.508)    (1.873) - (5.793)* 

%W/H (-0.227) - (3.693)    (2.205) - (6.125)* 

BMI (kg/m2) (-0.649) - (3.280)    (1.892) - (5.812)* 

Protein intake (g/day) (-0.997) - (2.923)    (1.742) - (5.662)* 

WBC (x103/µl)    (1.793) - (5.713)*    (13.338) - (17.258)* 

Platelet count (x103/µl) (-0.767) - (3.156) (-1.458) - (2.462) 

ANC (x103/µl) (-0.107) - (2.843) (-0.496) - (3.424) 

%Eosinophils (-1.221) - (2.699) (-1.857) - (2.063) 

%Basophils (-1.233) - (2.687) (-0.968) - (2.952) 

RBC folate (ng/ml)   (1.072) - (4.992)*      (8.86) - (12.78)* 

              * data were not normally distributed 
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Table F-3 Normality test of clinical outcome data after excluding the outlier 

Variables Shapiro-Wilk’s Value df p-value 

WBC (x103/µl) 0.850 24 0.002* 

RBC folate (ng/ml) 0.955 27 0.280 

      * Data were not normally distributed (p < 0.05) 

 
Table F-4 The Skewness and Kurtosis test after excluding the outlier 

Variables Skewness value Kurtosis value 

WBC (x103/µl) (-0.448) - (3.472) (1.681) - (5.601)* 

 * Data were not normally distributed (p < 0.05) 
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Appendix G 

The Levels of Serum and RBC Folate  

and Serum Vitamin B12 of Subjects 
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Table G-1 The levels of serum and RBC folate and serum vitamin B12 of subjects 

Patient Serum folate (ng/ml) Red cell folate (ng/ml) Vitamin B12 (pg/ml) 

1 63.91 158.67           1,029.00 

2 31.30 342.30 578.00 

3 31.30 894.48 503.00 

4 48.19 364.43 639.00 

5 30.06 437.44 681.00 

6 27.71 451.98 956.00 

7 27.71 460.34 664.00 

8 27.77 202.95 967.00 

9 34.36 414.49 482.00 

10 45.70            1,856.27 808.00 

11 65.13 351.86 754.00 

12 49.25 292.00 619.00 

13 44.69 279.58 738.00 

14 41.05 595.78 469.00 

15 47.64 132.98 644.00 

16 40.07 320.63 736.00 

17 43.56 412.56 883.00 

18 64.88            1,080.39           1,003.00 

19 34.06 197.59 566.00 

20 30.87 338.03 792.00 

21 21.59 306.33 550.00 

22 35.54 148.97 550.00 

23 35.54 105.59 579.00 

24 54.35 199.77 751.00 

25 47.17 210.49 445.00 

26 12.16 217.28 481.00 

27 13.48 211.60 679.00 

28 42.14 195.21 554.00 

29 2.44 236.57 649.00 

30 43.25 451.34 643.00 
ng/ml = nanogram per milliliter; pg/ml = picogram per millilite 
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