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The purpose of this study was to investigate the effects of vitamin E
supplementation on inflammatory markers in patients with thalassemia intermedia
who do not required regular blood transfusion at Siriraj hospital. There were 31
patients aged 5 - 19 years participating in this study. They were divided into 2 groups:
the vitamin E group (supplemented with vitamin E at dose of 10 1U/kg/d, n = 16) and
the control group (no vitamin E supplementation, n = 15). The duration of the study
was 12 weeks. The patients received growth, nutritional and dietary intake
assessments. In addition, their blood samples were collected for determining levels of
plasma inflammatory markers (tumor necrosis factor-a. (TNF-a) and high sensitivity
C-reactive protein (hs-CRP)), serum vitamin E, and complete blood count (CBC) at
baseline and at the end of the study (week 12).

The results of the study showed that at the baseline, no correlations between
level of serum vitamin E and inflammatory markers including TNF-a and hs-CRP
were found. However, there was a positive correlation between serum vitamin E
levels and red blood cell (r = 0.503, p = 0.002). After the patients were assigned into
the vitamin E and the control groups, there were no significant differences in
demographic characteristics, biological and hematological variables including plasma
TNF-o and hs-CRP levels, serum vitamin E levels, and CBC between the patients in
both groups. After 12 weeks of the study, serum vitamin E concentrations in the
patients supplemented with vitamin E were significantly increased from their
baselines (p < 0.001). However, plasma TNF-a and hs-CRP levels of the patients in
both groups did not change from the baseline after vitamin E supplementation. It was
found that total energy intake of the patients in the vitamin E group at week 12 were
significantly increased from baseline (p = 0.037) and that amount was significantly
greater than that in the control group (p = 0.008). Moreover, it was found that after
vitamin E supplementation, weight and body mass index of some patients were
improved to the better categories.

This study revealed that vitamin E supplementation did not affect the levels of
TNF-a and hs-CRP in patients with thalassemia intermedia. However, it may be
beneficial in ameliorating vitamin E levels of these patients to the normal range and
increasing total energy intake from the diet.



Vi

ACKNOWLEDGEMENTS

First and foremost, |1 would like to show my deepest gratitude to my advisor,
Assistant Professor Dr. Kulwara Meksawan for spacious knowledge, excellent advice,
encouragement and continuous carefulness throughout this thesis. Her opinion and
logical way of thinking have had a remarkable influence on my entire occupation.

I am sincerely and deeply grateful to Assistant Professor Dr. Bunchoo
Pongtanakul, Division of Hematology and Oncology, Department of Pediatrics,
Faculty of Medicine, Siriraj Hospital, Mahidol University for precious knowledge,
important support and beneficial suggestions to complete this study.

I wish to express my honest appreciation to the members of the Thesis
Committee, Associate Professor Thitirat Panmaung and Assistant Professor Suyanee
Pongthananikorn for their supportive attitude, interesting discussion, valuable advice
and constructive criticism over my thesis.

I owe my most sincere thank to Miss Duangkamon Ngarmpattarangkoon for
her useful advices, kindness and help which supported some patients’ information that
were enrolled in the study.

I am grateful to Miss Juraporn Pooliam, Office of Research and Development,
Faculty of Medicine, Mahidol University for helpful statistical advice.

My sincere thanks also are due to all staff members of Food Chemistry and
Medical Nutrition Program, Department of Food and Pharmaceutical Chemistry,
Chulalongkorn University for their great helpful support.

Moreover, | would like to thank the Faculty of Graduate Studies,
Chulalongkorn University for the supporting scholarship.

Last but not least, | wish to express my loving thanks to my family. It would
have been impossible to complete this work without their love, care and

egncouragement.



CONTENTS
ABSTRACT (THAID .o
ABSTRACT (ENGLISH).....cciiiieiit et
ACKNOWLEDGEMENTS ... .ottt
CONTENT S e e e e e e e e e nree e e
LIST OF TABLES......o oot
LIST OF FIGURES.......coct ettt
LIST OF ABBREVIATIONS......cooiii it
CHAPTER
I INTRODUCTION. ..ottt
Il LITERATURE REVIEW.......cooiiiiiiiieiisie e
2.1 THAlaSSEMIA. ... ittt e
2.2 INFlaMMALION. ...t
2.3 Inflammatory status in patients with thalassemia............c...ccccevuennee.
2.4 Growth and nutritional status in thalassemia...........cccccooceviiiiviiininnnn,
2.5 VILAMIN E.. i ooir e e e i sae s e vt /e e e sesnessnnssessnesssnsssessessnneens
2.6 Role of vitamin E in thalassemia........ccocooveniiieiinienieiencee e
Il MATERIALS AND METHODS........ccooiiiiiieeseees e
3.1 SUDJECES. ...ttt
3.2 Study design.. Lo i e
3.3 Study measurements and data collections............ccccecvvverviiieneennnn,
3.4 Statistical @analySiS.........cccveieiiieiiieiiriese e
IV RESULTS ..ottt
4.1 Characteristic of the SUDJECES.........coviiiieiiie e
4.2 Biochemical and hematological parameters of the subjects...............
4.3 Growth status and dietary intake of the subjects............c.cccecvevvinenee.
4.4 Compliance and adverse effects of vitamin E supplementation........
V' DISCUSSION.....ciiiiiieiie ettt ene s

5.1 Correlations between serum vitamin E and study parameters of the

SUDJECTS. ..ottt

vii

10
13
15
15
21
24
24
24
26
29
30
30
34
36
40
41

41



CHAPTER Page
5.2 Effect of vitamin E supplementation on serum vitamin E level........ 42
5.3 Effect of vitamin E supplementation on inflammatory markers........ 44

5.4 Effect of vitamin E supplementation on hematological parameters... 48

5.5 Effect of vitamin E supplementation on growth and nutritional

STALUS. ...ttt 49

VI CONCLUSION.....cootiiieist ettt 52
REFERENCES........ciiiiiieese ettt 54
APPENDICES..... ...t 67
APPENDIX A ettt 68
APPENDIX Bttt siiieiieie ettt sttt seenes 70
APPENDIX €ttt ettt sttt 79
APPENDIX D oottt 101
APPENDIX E..ce ittt 110
APPENDIX Fooooie ettt 113

BIOGRAPHY ... 119



LIST OF TABLES

TABLE

The U.S. recommended daily dietary allowance for vitamin E................
Dose of vitamin E on body Weight...........cccceiiiiiiiiiiiieeeeee e
Standard categories of BMI-fOr-age.........c.ccoovvriiinininicnensee e

Nutritional status ClasSIfiCaAtiON..........ovveeee e

g B~ W N -

Types and hematological parameters of the thalassemia intermedia
K10 o] 1= £ PR PPTSRPR
Baseline demographic and clinical characteristics of the subjects...........
Correlations between serum vitamin E level and study parameters.........

Demographic and clinical characteristics of the subjects at baseline.......

© 00 N o

Biochemical and hematological parameters of the subjects.....................
10 Growth status of the subjects at baseline and week12 of the study..........
11 Dietary intake of the subjects in the control group and vitamin E group

at baseline and week 12 of the Study..........c.cccevviieiieie i,



LIST OF FIGURES

FIGURE Page
1 Some mechanisms of actions of excessive free radicals which generate
INFIAMMALION. ... 10

2 Structure formula of VItamin E...........oooriieeee et 16



LIST OF ABBREVIATIONS

%H/A percentage of height for age
%WI/A percentage of weight for age
%W/H percentage of weight for height
Mg microgram

BMI body mass index

CBC complete blood count

cm centimeter

CRP C-reactive protein

d day

df degree of freedom

dL deciliter

DNA deoxyribonucleic acid

DRI dietary reference intake

eg. exempli gratia (for example)
ELISA enzyme-linked immunosorbent assay
et al. et alia (and others)

FDA Food and Drug Administration
g gram

Hb hemoglobin

Hct hematocrit

hs-CRP high sensitivity C-reactive protein
IL interleukin

10 international unit

kcal kilocalorie

kg kilogram

L liter

LDL low density lipoprotein

m? square meter

MDA malondialdehyde



mg
mL
MRNA

NF-xB
nm
OH’

p

PY
PKC

PUFA
RBC
RDA
ROS

SD

SEM
SGA
sICAM-1
sVCAM-1
TNF-a
WBC

Xii

milligram

milliliter

messenger ribonucleic acid

number

nuclear transcription factor-«B
nanometer

hydroxyl radical

p-value

picogram

protein kinase C

polyunsaturated fatty acid

red blood cell

recommended dietary allowance

reactive oxygen species

standard deviation

standard error of mean

subjective global assessment

soluble intercellular adhesion molecule-1
soluble vascular cell adhesion molecule-1
tumor necrosis factor-a

white blood cell



CHAPTER I

INTRODUCTION

Thalassemia is an inherited autosomal recessive blood disorder that occurs
worldwide (Borgna-Pignatti and Galanello, 2009). In Thailand, thalassemia is one of
the most common genetic-related health problems. Around 1% of Thai population
(sixty-thousand persons) have been diagnosed with thalassemia, and more than 40%
of the population (twenty-four million people) are asymptomatic carriers
(Dhamcharee, Romyanan, and Ninlagarn, 2001). The symptoms of patients with
thalassemia may vary among individuals depending on the globin gene defects. The
types of thalassemia can be classified based on the severity as major, intermedia, and
minor.

The clinical manifestations of thalassemia intermedia are between
symptomatic thalassemia major and thalassemia minor. Most of patients who are
diagnosed with thalassemia intermedia have moderate anemia with hemoglobin levels
in the range of 7 - 10 g/dL and are dependent on blood transfusion occasionally. In
addition, the results of ineffective erythropoiesis and rapidly hemolysis increase
intestinal iron (ferrous form, Fe?*) absorption that is associated with whole body iron
overload (Taher, Isma’eel and Cappellini, 2006; Aessopos, Kati and Farmakis, 2007).
The excessive free iron in the red blood cells (RBC) may generate reactive oxygen
species (ROS) initiating lipid peroxidation reactions in the membrane.
Malondialdehyde (MDA), the end product of these reactions, causes the loss of the

integrity of cell membrane and cell death (Cimen, 2008). Moreover, the ROS may



promote inflammation. The reactive metabolites amplify the inflammatory response
by activation of transcription factors, including nuclear transcription factor-xB (NF-
kB). NF-xB plays a key role in regulating numerous genes involved in immune and
inflammatory responses. It appears that NF-xB activation induces the production of
pro-inflammatory cytokines and leukocyte adhesion molecules (Conner and Grisham,
1996).

Tumor necrosis factor-a (TNF-a) is one of the pro-inflammatory
cytokines. TNF-a not only regulates the response of inflammation, but also affects the
central nervous system inducing fever, anorexia, and altered pituitary hormone
secretions (Zhang and Tracey, 1998). In addition, TNF-a is a powerful stimulant of
oxidant molecule production, which upregulates cytokine production (Grimble, 1998).
When the inflammation occurs, the pro-inflammatory cytokines induce acute-phase
proteins, including C-reactive protein (CRP). Persistent high levels of CRP and pro-
inflammatory mediators in the bloodstream might be a cause of complication in
patients with chronic low-grade inflammatory diseases (Gabay and Kushner, 1999;
Ablij and Meinders, 2002). Prolonged inflammation increases the risk of
cardiovascular disease and induces osteoporosis (Smith et al., 2006; Smith et al.,
2009).

Patients with thalassemia usually suffer from oxidative stress and
deficiencies of micronutrients, especially antioxidant agents (e.g. zinc, vitamin E, and
vitamin A) (Fuchs et al., 1996; Tesoriere et al., 1998; Kassab-Chekir et al., 2003;
Ghone et al., 2008). Because of this, the excessive free radicals in the body bring
about the inflammation. Many reports showed that patients with thalassemia had

chronic low-grade inflammation (Walter et al., 2006; Kyriakou et al., 2001). The



levels of inflammatory markers (including CRP and TNF-a) and the levels of
endothelial adhesion molecules, the marker of vascular inflammation, arise in patients
with thalassemia (Kyriakou et al., 2001; Butthep et al., 2002; Aggeli et al., 2005).
Moreover, the patients have chronic hypercoagulable status because of prolonged
platelet activation. As a result, complications including thrombophilia, pulmonary
hypertension, and congestive heart failure may occur in these patients (Taher et al.,
2008; Aessopos et al., 2007). Furthermore, patients with thalassemia suffer from
growth retardation and malnutrition status. These problems involved with defects of
growth hormone secretion, hypothyroidism, and decreased food intake (Soliman et al.,
1998).

Vitamin E is an antioxidant vitamin that plays a role in inflammation
process. Anti-inflammatory effects of vitamin E involve its antioxidant activity, which
eliminates the existent free radicals, limits the production of more free radicals, and
inhibits pro-inflammatory cytokines released by the decreased NF-«xB activation. In
addition, vitamin E modulates the activity of inflammatory involving enzymes, such
as phospholipase A2, cyclooxygenase-2 and 5-lipoxygenase (Zingg and Azzi, 2004;
Calder et al., 2009; Devaraj and Jialal, 2005). Because of the anti-inflammatory
actions, the uses of vitamin E supplementation in patients with chronic inflammatory
diseases such as rheumatoid arthritis, type 2 diabetes, metabolic syndrome, and
coronary heart disease have been reported (Devaraj and Jialal, 2000; Devaraj et al.,
2007; Devaraj et al., 2008; Aryaeian et al., 2009).

There have been several studies investigating outcomes of vitamin E
treatment in patients with thalassemia (Das et al., 2004; Dissayabutra,

Tosukhowwong and Seksan, 2005; Pfeifer et al., 2008). Most of studies have



concerned with the effect of vitamin E supplementation on antioxidation aspect. The
results have shown the benefits of vitamin E in these patients including improving the
activity of antioxidant enzymes in erythrocytes, reducing the levels of lipid
peroxidation in erythrocyte membranes, and decreasing the ROS production in RBC
(Das et al., 2004; Ngarmpattarangkoon et al., 2010). Thus, reduction of the oxidative
stress in patients with thalassemia by vitamin E supplementation might ameliorate
inflammation status generated by excessive free radicals. Studies in patients with
inflammatory disease such as rheumatoid arthritis, coronary artery disease, and
metabolic syndrome showed that vitamin E supplementation in these patients
significantly decreased levels of CRP and TNF-a (Devaraj et al., 2007; Devaraj et al.,
2008; Aryaeian et al., 2009). Accordingly, vitamin E supplementation might benefit
patients with thalassemia by decreasing the levels of inflammatory markers, which
lead to complications of the disease.

Excessive ROS in thalassemic patients can induce the activation of NF-xB
(Li and Karin, 1999). As this result, it promotes pro-inflammation cytokines
production which appears to be reasons of the complications including anorexia,
metabolic change, and hypercoagulation. Patients with thalassemia obtain treatments
to maintain their clinical symptoms. Prevention of complications in children with
thalassemia should be concerned along with treatments of the disease to control the
poor clinical status that probably occurs in the future. Children with thalassemia
intermedia do not have severe clinical status like those with thalassemia major.
However, the children with thalassemia intermedia have risks of developing of heart
disease from increasing of inflammatory markers and hypercoagulation (Kanavaki et

al., 2009; Angchaisuksiri et al., 2007). Treatment of children with thalassemia



intermedia should be carefully considered to support their growth and prevent further

complications. It is well known that vitamin E supplementation is beneficial in

patients with high oxidative stress. There were many studies reported that vitamin E

could ameliorate the oxidative stress in thalassemic patients (Das et al., 2004; Pfeifer

et al., 2008). However, a benefit of vitamin E supplementation on inflammatory

aspects in transfusion independent thalassemic patients, who were children, remained

unclear. Therefore, this study investigated the effects of vitamin E supplementation on

inflammatory markers in children with thalassemia intermedia.

The purposes of this study:

1.

To investigate the effects of vitamin E on inflammatory markers, hs-CRP
and TNF-a, in patients with thalassemia intermedia

To investigate the nutritional status of patients with thalassemia intermedia
To study the relationship between serum vitamin E and inflammatory
markers in patients with thalassemia intermedia

To study the relationship between nutritional status and inflammatory
markers in patients thalassemia intermedia

To investigate the adverse effects of vitamin E supplementation in patients

with thalassemia intermedia



Benefits and applications:

This study provides information on the effects of vitamin E
supplementation on inflammatory markers in patients with thalassemia intermedia.
Physicians might consider the information for taking an in-depth look at treatment

selection, which may be beneficial in reducing complications in thalassemic patients.



CHAPTER Il

LITERATURE REVIEW

2.1 Thalassemia

Thalassemia is one of the most common inherited disorders. The
occurrence of thalassemia extends from the Mediterranean region southward all the
way to Southeast Asia and the Pacific islands (Weatherall, 2001; Borgna-Pignatti and
Galanello, 2009). Thalassemia is caused by a genetic defect of the globin-chain
synthesis that alters one or more of globin genes expressions resulting in the reduction
of a- or B-globin biosynthesis (Borgna-Pignatti and Galanello, 2009). There are two
classified forms of thalassemia, a-thalassemia and p-thalassemia. a-thalassemia has
little or no a-chain synthesis that cause a-globin gene deletions whereas B-thalassemia
is characterized by a deficiency of B-chain causing mutation in the B-globin gene
(Galanello and Origa, 2010). The unbalanced globin chains initiate an accumulation
of excessive globin chains within erythrocytes, which causes damage of red cell
membranes. In addition, abnormal hemoglobin is synthesized less efficiently, or
broken down more rapidly, than healthy mature hemoglobin (Weatherall, 2001). The
abnormalities may affect the patient’s clinical features.

The clinical symptom of patients with thalassemia varies widely from
person to person depending on the severity of the abnormal globin-chain synthesis
(Rund and Rachmilewitz, 2000). There are three types of clinical severity:
thalassemia major, thalassemia minor, and thalassemia intermedia. Thalassemia major

is characterized by patients requiring regular blood transfusion to survive. Most of



these patients are either newborn or infants. In addition, they suffer from liver and
spleen enlargement, growth retardation, muscle weakness, and skeleton deformities as
a result of the expansion of bone marrow cavity. Another type is thalassemia minor.
Patients with thalassemia minor have mild anemia and do not need hypertransfusion.
These patients do not show physical symptoms. The last type is thalassemia
intermedia. Patient with thalassemia intermedia have a wide range of clinical
symptoms, which overlap between thalassemia major and minor (Galanello and
Origa, 2010; Weatherall, 2001).

Patients with thalassemia intermedia including B-thalassemia/Hb E and
hemoglobin H disease present mild anemia, but do not require, or only occasionally
require blood transfusion, to maintain the hemoglobin level in the range of 7 - 10 g/dL
(Taher et al.,, 2006; Borgna-Pignatti and Galanello, 2009). Some patients are
asymptomatic until adulthood, but some have ineffective erythropoiesis resulting in
many health problems later in life. However, if patients do not receive the proper
treatment, various complications can occur consequently from the chronic hemolytic
anemia. The body has mechanisms to compensate for the anemia by increasing the
erythropoiesis with expansion of bone marrow and raising iron absorption from
digested food in small intestine. However, increased iron absorption could lead to
chronic iron overload in patient’s body (Aessopos et al., 2007).

In fact, oxidants are continuously generated in human erythrocytes due to
the high oxygen tension in the blood and iron content in heme (Cimen, 2008). The
excessive iron is found in the serum of thalassemic patients, whereas their serum total
iron binding capacity, the ability of transferin to bind iron in the bloodstream, is

decreased (Ghone et al., 2008). Moreover, the excessive free iron may be released



from the unpaired-hemoglobin in thalassemic erythrocytes (Pfeifer et al., 2008). This
causes production of hydroxyl radical (OH"), the most active form of reactive oxygen
species (ROS), by Fenton’s reaction. This reaction initiates lipid peroxidation
reactions in the membrane. The end product of the reactions is malondialdehyde
(MDA), which can be crosslinked with the proteins and phospholipid membrane of
erythrocyte leading to the loss of integrity of cell membrane and cell death
(Dissayabutra et al., 2005; Cimen, 2008). Moreover, excessive ROS cause oxidative
stress and also lead to oxidative damage of DNA and proteins in cells. The injury cells
respond to the stress leading to inflammation and cell mutagenesis (Ferguson, 2010).
An increased oxidative stress may generate an inflammation in patients
with thalassemia by stimulation of NF-kB. NK-kB is a transcription factor. It plays an
important role in regulating a variety of genes, which involve in immune and
inflammatory responses (Li and Karin, 1999). As a result, this stimulation enhances
the transcription of mRNA for pro-inflammatory cytokines. The examples of these
cytokines include interleukin (IL)-1, IL-6, and TNF-a, which are multi-function
cytokines (Grimble, 1998). In the same way, produced cytokines also cause more
generated ROS and induce NF-kB activation through the phosphorylation of IxB (Beg
et al., 1993; Li and Karin, 1999) as shown in Figure 1. The inflammation, chronic
hemolytic anemia, ineffective erythropoiesis, and iron overload can bring about many
health problems and complications in patients with thalassemia intermedia (Kanavaki
et al., 2009). The complications include endocrine abnormalities such as diabetes
mellitus, growth hormone deficiency, and hypothyroidism and hypercoagubility,
which is the cause of pulmonary hypertension and congestive heart failure (Taher et

al., 2006).
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Figure 1 Some mechanisms of actions of excessive free radicals which generate

inflammation (modified from Calder et al., 2009)

2.2 Inflammation

Inflammation is a reaction of the host defense system in response to
infection and tissue injury. Inflammation can be classified into two types. One is acute
inflammation or the early response of local tissue to trauma. This type of
inflammation involves an increased blood flow to the damage tissue and amplifies the
vascular permeability. This results in leukocytes moving to the injured tissue to
eliminate the pathogens. The other is chronic inflammation, which might occur after

acute inflammation from the prolonged stimulus exposure. This process takes place



11

when the immune system is stimulated for an extended period of time (Porth and
Sommer, 2009; Calder et al., 2009).

During early inflammation, there are local and systemic responses of
normal physiology, which serve to control damage, clean up debris, and initiate
injured tissue repair. This is known as the acute phase response. In this response,
acute phase proteins, such as C-reactive protein (CRP), serum amyloid A
ceruloplasmin, and hepatoglobulin are synthesized from the hepatocytes by
stimulating of pro-inflammatory cytokines (Sigal and Ron, 1994; Gabay and Kushner,
1999). CRP is an acute phase protein in response to an inflammation. The CRP has
various biological functions including eliminating microorganisms, destroying host
cell materials, modulating the inflammatory process, and preventing the adhesion of
neutrophils on endothelial cells. Elimination of the CRP is the monoexponential
clearance halftime (19 hours), which is independent of CRP level in the bloodstream.
Therefore, measurement of CRP level is generally used in clinical practice to monitor
the patient's inflammatory status (Ablij and Meinders, 2002). There are methods for
CRP measurement. The high sensitivity test is used to detect the low level of CRP in
the patient with low grade inflammation including obese patient and smoker (Yu and
Rifai, 2000).

In general, normal CRP concentration is 0.8 mg/L in healthy person.
However, it was found that average CRP levels in patients with thalassemia
intermedia were 3 fold higher than those in healthy subjects (Ablij and Meinders,
2002; Kanavaki et al., 2009). In addition, concentration of CRP more than 5 mg/L has
pro-inflammatory effect that can induce the expression of adhesion molecules in

human endothelial cells (Pasceri, Willerson and Yeh, 2000). High level of CRP in the
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bloodstream is not only an indicator of inflammation, but also is a prediction for
future risk of cardiac events (Koening, Sund, and Frohlich, 1999; Danesh et al.,
2004). CRP concentrations in healthy subjects positively correlated with insulin
resistance, dyslipidemia and markers of endothelial dysfunction including von
Willebrand factor, cellular fibronectin, and tissue plasminogen activator antigen.
Increasing levels of these markers can increase cardiovascular risk (Yudkin et al.,
1999)

In the inflammatory process, the immune system plays a significant role in
countering the inflammatory stimulus by producing mediators including platelet-
activating factors and cytokines (Nowak and Handford, 2003). Cytokines are multi-
function polypeptides secreted by leukocytes. They can be mediators and regulators of
innate or adaptive immunity. Secreted cytokines regulate immune and inflammatory
reactions. Several cytokines have multiple effects on various cell types and some have
additive effects or antagonism. The actions of cytokines are initiated after cytokines
binding to their specific receptors on target cells. The target cells respond by changing
in gene expression. As a result, the functions of target cells might change in other
ways by differentiation and proliferation which leads to expression of new functions
(Abbas, Lichtman and Pillais, 2007).

TNF-a is produced and released from numerous immune cells, such as,
monocytic cells, natural Killer cells, neutrophils, B cells, and T cells. In addition, non-
immune cells including epithelial cells, smooth muscle cells, fibroblasts, and neurons
can also secrete this protein (Abbas et al., 2007). The primary role of TNF-a is the
regulation of immune cells to induce apoptotic cell death and inflammation.

Biological effects of TNF-a are also involved in various systems in the body (Zhang
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and Tracey, 1998). TNF-o has been shown to be involved in the cardiovascular
system and play a primary pathophysiologic role in the development of heart failure.
TNF-a in the cardiovascular system ultimately leads the endothelial cells to increase
pro-coagulant activity and also induces rearrangement of actin filaments in cardiac
muscle. This rearrangement of actin filaments can lead to structural damage and loss
of the tight junction between endothelial cells (Zhang and Tracey, 1998). In addition,
TNF-a is involved in release of soluble endothelial adhesion molecules, such as
soluble vascular cell adhesion molecule-1 (SVCAM-1), soluble intercellular adhesion
molecule-1 (sICAM-1), and E-selectin, which are known as markers of endothelial
activation (Kyriakou et al., 2001; Kallmann et al., 2000).

Most patients with chronic diseases (e.g. type 2 diabetes, cardiovascular
diseases and asthma) suffer from low-grade chronic inflammation, which may cause
deteriorating complications. Chronic inflammation in many chronic diseases may
occur as a consequence of prolonged high level of ROS in the body. This can lead to
an oxidative stress and oxidative damage in the tissue respectively (Ferguson, 2010).
In addition, oxidant molecules can induce an activation of nuclear transcription
factors as a result of enhancing transcription of mRNA for pro-inflammatory

cytokines (Grimble, 1998).

2.3 Inflammatory status in patients with thalassemia

Thalassemia is a group of blood disorder with low-grade chronic
inflammation (Walter et al., 2006). Many studies found increased levels of oxidative
stress markers in the patients with thalassemia (Kassab-Chekir et al., 2003; Das et al.,

2004; Ghone et al., 2008; Pfeifer et al., 2008). Oxidative stress that occurs in the
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patients can generate chronic inflammation by simulation of NF-kB. It was found that
the levels of TNF-a in the serum of patients with various types of thalassemia were
higher than these in healthy persons (Butthep et al. 2002). Circulating activated
endothelial cells and vascular endothelial growth factors in these patients were also
increased. It was reported that serum levels of TNF-a, IL-1, and soluble endothelial
adhesion molecules in the thalassemic patients were significantly higher than those in
thalassemia carriers and healthy persons (Kyriakou et al., 2001). Furthermore,
Kanavaki et al. (2009) found that the patients with B-thalassemia intermedia had
increased serum levels of sSICAM-1, sVCAM-1, P-selectin and E-selectin. They also
indicated that CRP levels were significantly elevated in the patients with thalassemia
compared to the controls. Therefore, the patients with thalassemia suffer from
inflammation, especially endothelial inflammation that can contribute to endothelial
damage and probably increase a risk of atherosclerosis in the future (Aessopos et al.,
2001; Angchaisuksiri et al., 2007).

Excessive free radicals in thalassemic patients cause many complications.
Thus, antioxidant defense systems are important in eliminating these free radicals and
are beneficial in preventing cell injuries. There are many antioxidant vitamins and
trace minerals involving in these defense systems. Among these antioxidants, vitamin
E has been brought to an attention. Several studies found that serum vitamin E levels
in the patients with thalassemia were lower than those in the healthy persons (Kassab-

Chekir et al., 2003; Simsek et al., 2005).
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2.4 Growth and nutritional status in thalassemia

A clinical feature of thalassemia intermedia is growth retardation (Taher,
et al., 2006). Growth retardation, delayed puberty, and retarded bone age depended on
severity of anemia. Iron overload in thalassemic patients might deposit into the bone
and lead to the decreasing of bone formation (Mahachoklertwattana et al., 2003). In
addition, Thongkijpreecha et al. (2011) found that most of children with thalassemia
intermedia were underweight and stunted. In addition, dietary intakes in these patients
were lower than the reference range. Poor appetite was found to be related with
increasing of CRP, TNF-a, and IL-6 levels (Kalantar-Zadeh et al., 2004). Inadequate
dietary intakes in thalassemic patients increased risk of nutritional deficiencies
including vitamin E, vitamin D, vitamin B12, zinc, and selenium, which are necessary

for body functions (Tesoriere et al., 2001; Claster et al., 2009).

2.5 Vitamin E

Vitamin E was discovered almost a century ago. Basically, it is a fat-
soluble vitamin, which is mostly found in common foods, such as nuts, grains,
vegetable oils, avocado, and leafy green vegetables. It is also identified as a fat-
soluble antioxidant in the body because of its unique chemical structure that can

neutralize the ROS compounds (Gropper, Smith and Groff, 2005).

2.5.1 Biochemistry
The common chemical structure of vitamin E consists of two major parts,
a phenolic functional group on a chromanol ring (part A) and an attached phytyl side

chain (part B) as shown in Figure 2. In nature, vitamin E can be classified into two
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Figure 2 Structures formula of vitamin E (DellaPenna, 2005)
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classes: tocopherols, which have saturated side chains and tocotrienols, which have
unsaturated side chains. Each class is composed of four vitamers (designated as a-, 8-,
v-, 6-) (Mann and Truswell, 2002; DellaPenna, 2005).
2.5.2 Biological functions
2.5.2.1 Antioxidant function

Vitamin E is a fat soluble antioxidant in phospholipid membranes due to
its lipophilic structure. With antioxidant property, vitamin E helps maintain the
biological integrity of cell membranes. The major hydrogen ions attached to the
phenolic ring help to prevent free radicals from attaching and damaging the cell
(Zingg and Azzi, 2004). In dietary source of vitamin E, a mixture of forms is found,
but a-tocopherol amounts are always higher compared with the other forms (Gropper
et al., 2005). In addition, a-tocopherol has the most powerful biological potency on
antioxidation due to its ability of hydrogen donating of the phenolic rings. The
hydrogen donating of the phenolic ring depends on the number and position of methyl
groups on the chromanol ring. The order of hydrogen donating power is o> >y > 3.
Moreover, the mobility of a-tocopherol is more effective than other forms because of
a liver protein called o-tocopherol transfer protein. This protein selectively
incorporates the alpha form of tocopherol into a lipoprotein (very low density
lipoprotein) and distributes to the body tissues (Chow, 2001; Zingg and Azzi, 2004)

2.5.2.2 Non-antioxidant functions

The other interesting role of vitamin E is its anti-inflammatory aspect
(Rimbach et al., 2010). The anti-inflammation-related mechanisms of vitamin E are
associated with its antioxidation property and the modulation of cellular behavior by

interactions with enzymes, structural proteins, lipids, and transcription factors (Suzuki
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and Packer, 1993; Deviraj and Jialal, 1996; Zingg and Azzi, 2004; Traber and
Atkinson, 2007 Calder et al., 2009). Vitamin E was discovered to inhibit protein
kinase C (PKC) activity (nitric oxide and superoxide production) during inflammation
in many type of cells, such as neutrophils and macrophages. PKC is a signaling
molecule which is important in the regulation of cellular proliferation, differentiation
and apoptosis (Traber and Atkinson, 2007). A study found that vitamin E can inhibit
the activity of phospholipase A2 (Chandra et al., 2002). Phospholipase A2 is a fatty
acid enzyme that is released from the phospholipid membrane. It involves in the
synthesis of eicosanoids. a-tocopherol inhibits the enzyme activity by attaching itself
to phospholipase A2. In addition, vitamin E and its bioactive metabolization can
influence gene expression by changing the enzymes activities and modulating
transcription factors via nuclear receptors (Zingg and Azzi, 2004; Rimbach et al.,
2010)

Based on antioxidant and anti-inflammatory properties of vitamin E, many
clinical trials have discovered the efficacy of vitamin E in reducing oxidative stress
and inflammation. Several studies found that vitamin E supplementation reduced
inflammatory markers and cell adhesion molecules in patients with rheumatoid
arthritis, diabetes, cardiovascular disease, metabolic syndrome, and coronary heart
disease (Devaraj and Jialal, 2000; Leichtle, Teupser and Thiery, 2006; Devaraj et al.,
2008; Aryaeian et al., 2009). Supplementation of vitamin E may be useful in
preventing progression and complications of diseases with oxidative stress or

inflammation.
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2.5.3 Vitamin E in health and disease

Free radicals are essential in killing pathogens and in the apoptotic
removal of damaged cells. However, excessive free radicals in the body are associated
with oxidative damage of cells and organs resulting in many health problems
including aging, cancer, cardiovascular disease, inflammation disease, etc. The
antioxidant role of vitamin E is important in protecting cells from the excessive ROS.
Vitamin E may also involve gene transcription and signal transduction regulation,
which results in the inhibition of inflammation, cell adhesion molecules, platelet
aggregation, and smooth muscle cell proliferation. Results of changing gene
expression may occur in patients with high oxidative stress (Combs, 2008).

Vitamin E may be beneficial in promoting general health. Increasing age is
associated with oxidative damage to deoxyribonucleic acid, protein, and lipid. Thus,
vitamin E is commonly used as anti-aging agent (Combs, 2008). Vitamin E is also
used in prevention of diseases, including cardiovascular disease. Vitamin E protects
the low-density lipoprotein from the oxidation which transforms to foam cell and
accumulates within the artery (Singh and Jialal, 2004). Moreover, vitamin E can
alleviate the severity of diseases with oxidative stress or inflammation such as
rheumatoid arthritis (Aryaeian et al., 2009), metabolic syndrome (Devaraj et al.,

2008), and type 2 diabetes (Devaraj and Jialal, 2000).

2.5.4 Recommended dietary allowance, deficiency and toxicity
Vitamin E is an essential micronutrient widely found in several kinds of
foods. Although the deficiency of vitamin E is not frequently seen, there is a

determination of daily requirement for the prevention of intake insufficiency. In the
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Table 1 The U.S. recommended daily dietary allowance for vitamin E

Age (years) International units Tocopherol
(1V) equivalents (mg)
Infants 0-0.5 4.5 3.0
Children 0.5-1.0 6.0 4.0
1-3 8.9 6.0
4-10 10.4 7.0
Males >11 14.9 10.0
Females >11 11.9 8.0
Pregnant 14.9 10.0
Lactating,

First 6 months 17.9 12.0
Second 6 months 16.4 11.0

Source: Chow, 2001

United States of America, the recommended amounts of vitamin E intake (based on
age and sex) are shown in Table 1. In Thailand, the Thai FDA (Food and Drug
Administration) suggests that the vitamin E daily intake for Thais over 6 years old is
10 mg (15 1U) a-tocopherol.

Vitamin E deficiency may occur in persons who have prolonged fat
malabsorption, such as cystic fibrosis, short bowel syndrome, and chronic cholestasis.
The absorption of vitamin E requires bile salts for micelle formation, and the micelle
formed is absorbed through the jejunum. Vitamin E deficiency is often characterized
by neurological problems. Common symptoms of these neurological problems include

muscle weakness, limb ataxia, and impaired eye movement (Ball, 2004).
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There have been no reports of toxicity from the overconsumption of
vitamin E from dietary sources. An article reviewing the effects of vitamin E
supplementation up to 2,000 IU/d found no subjective and objective adverse effects
(Hathcock et al., 2005). However, high dose of vitamin E intake had an effect on
platelet coagulation due to limiting the ability of platelets to clot. Therefore, high
doses of vitamin E supplementation should be careful in patients treated with

antiplatelet aggregation or anticoagulant therapy (Freeman et al., 1996).

2.6 Role of vitamin E in thalassemia

Oxidative stress has been a concern of patients with thalassemia for long
periods of time. Liverea et al. (1998) found that plasma MDA concentration and
serum ferritin, a marker that represents iron storage in the body, in thalassemic
patients were higher than healthy individuals. This study also found that the levels of
plasma MDA and serum ferritin were positively correlated with oxidized LDL, and
the amount of vitamin E were negatively correlated with oxidized LDL relating to
atherogenesis. There were several studies reported that patients with thalassemia
intermedia had low vitamin E levels in their body when compared with healthy
persons (Liverea et al., 1998; Tesoriere et al., 1998; Tesoriere et al., 2001). This
information should be concerned for future risk of coronary heart disease in patients
with thalassemia intermedia. These patients may experience a poor progression which
could result in more severe complications. Hence, the supplementation with vitamin E
may be beneficial for thalassemic patients. Vitamin E supplementation not only could

ameliorate the vitamin E levels in patients, but also could protect RBC membranes
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from free radicals and prolong RBC lifespan as antioxidant property of vitamin E
(Rund and Rachmilewitz, 2000).

Several studies have found some benefits of vitamin E supplementation in
patients with thalassemia (Das et al., 2004; Dissayabutra et al., 2005; Mahjoub et al.,
2007, Pfeifer et al., 2008). Rashidi and colleagues (2011) showed that serum vitamin
E levels of the patients with thalassemia major who took vitamin E (400 mg/d) for 3
months were significantly elevated. They also indicated that activity of glutathione
peroxidase (an antioxidant enzyme) was decreased after the treatment. In addition,
Tesoriere et al. (2001) studied in 15 thalassemia intermedia patients who received
occasional blood transfusion and aged 10 to 51 years. They found that when the
thalassemic patients were supplemented with vitamin E (600 mg/d) for 9 months,
vitamin E levels in RBC rapidly increased in the first 3 months of supplementation.
At the end of the study, the other plasma antioxidant vitamins including vitamin A, p-
carotene, ascorbate, and lycopene in the patients were markedly increased from
baselines. RBC count and hematocrit (Hct) levels of these patients also increased. The
increase in RBC count after the supplementation might associate with vitamin E
maintained the integrity of long-chain PUFA in cell membranes. In contrast, levels of
oxidized LDL in these patients were decreased after 6 months of administration.
Furthermore, after vitamin E treatment, thalassemic RBCs better resist osmotic
concentration or hemolytic agents that induce the hemolysis (Wang et al., 2006;
Traber and Atkinson, 2007). Similarly, Das et al. (2004) found that vitamin E
treatment at doses of 10 mg/kg/d for 4 weeks in the patients with thalassemia not only
improved hemoglobin levels and vitamin E levels in the erythrocyte, but also reduced

the levels of lipid peroxidation in the membranes of RBC. In the same way, Pfeifer et
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al. (2008) found that the supplementation of vitamin E (400 1U daily for 3 months) in
patients with thalassemia intermedia reduced ROS production in erythrocytes, T
lymphocytes, and polymorphonucleus leukocytes.

The patients with thalassemia intermedia who suffer from low-grade
chronic inflammation can experience health problems. The clinical use of vitamin E
as an antioxidant may be effective in reducing inflammation in patients through
antioxidation property and modulation of enzymes, structural proteins, and
transcription factors which relate to inflammation. However, there are limited studies
on the effects of vitamin E supplementation on inflammation status in thalassemic
patients. In addition, most of the studies about thalassemia investigated patients with
thalassemia major who have more clinical complications than those with intermedia
type. There have been many reports found that patients with thalassemia intermedia
had a future risk of cardiovascular complications by vascular inflammation and
platelet hyperaggregation. Giving supportive treatment in thalassemia intermedia

children might improve their clinical outcome and prevent some future complications.
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MATERIALS AND METHODS

3.1 Subjects

The subjects of this study were patients with thalassemia (aged 5 - 19
years old) from the Pediatric Hematology Clinic at Siriraj Hospital, Bangkok,
Thailand. All participants were classified with thalassemia intermedia according to
hemoglobin typing. Their baseline hemoglobin levels were between 7 - 9 g/dL. All of
them did not have severe anemia that leads to blood transfusion therapy. They were
not treated with iron chelating agents or any antioxidant supplementation such as
vitamin E, vitamin C and curcumin for at least 3 months before entering the study.
The patients did not recently have any surgical operations or infection. Moreover,
they were free from acute or chronic inflammation and did not take any anti-
inflammatory agents (e.g. anti-inflammatory medications, immunosuppressive agents,
anti-inflammatory dietary supplements) in the past month. None of them were allergic
to vitamin E. All patients and their parents received an explanation of the
experimental protocol which was approved by the Ethics Committee of the Faculty of
Medicine, Siriraj Hospital. The participants gave informed consents before the study

was started.

3.2 Study design
This study was conducted in patients with thalassemia intermedia. At

baseline, the height and weight of the patients were measured. They were also
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interviewed about personal information such as dietary intake, physical activity, and
health history in past few months. The patients’ nutritional status was assessed using
the subjective global assessment (SGA). The patients obtained a dietary handbook for
thalassemia, and they also received nutrition counseling that was suitable for their
growth and health. Blood sample (10 ml) was collected to determine CBC, serum
vitamin E levels, and plasma hs-CRP and TNF-a levels. Finally, each patient was
asked to follow the diet based on the advice given. They were also asked to consume
the recommended dietary foods throughout the study. They were told to record their
3-day dietary intake (1 weekend day and 2 weekdays) on the first and the last week of
the study for dietary intake assessment. The patients were divided into the vitamin E
group and the control group.

Each patient in the vitamin E group took natural vitamin E soft gelatin
capsules (Mega®, Thailand) based on their weight (Table 2) once daily after
breakfast, while the control patients did not take any supplements. The patients in
both groups still received their own prescribed medications. During the study period,
all patients received a phone call at least once a week to remind them to follow the
advice. In addition, the patients in the vitamin E group were asked about undesirable
effects after taking the vitamin E supplement.

At the end of the study (week 12), height and weight of the patients were
measured. Peripheral blood samples (10 ml) were collected again to examine CBC,
serum vitamin E levels, and plasma hs-CRP and TNF-a levels. Each patient in the
vitamin E group was assessed for their compliance by counting the remaining vitamin

E capsules.
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Table 2 Dose of vitamin E on body weight

Weight (kg) Dose of Vitamin E (1U/d)
<10 100
>10 - 29 200
> 29 400

3.3 Study measurements and data collections
3.3.1 Anthropometric assessments
Height and weight of each patient was measured at baseline and week 12
of the study using a standiometer and an electronic digital weight scale (Tanita WB-
100, Illinois, The United State of America). The values were used to calculate their

body mass index (BMI) as followed:

weight (kg)
BMI (kg/m?) = ———
height® (m?)

The calculated BMI was interpreted by the CDC BMI-for-age growth chart
of different genders (Centers for Disease Control and Prevention (CDC), 2000). The
weight status categories were based on the calculated BMI-for-age percentile as
shown in Table 3. The height and weight of each patient was plotted into a growth
chart, which was modulated from the national growth references for children under 20
years of age (Appendix E). It was also compared to the reference values for children
aged 1 day - 19 years old of The Department of Health, Ministry of Public Health,

Thailand. This was used to calculate the percentages of weight for height (%W/H),

height for age (%H/A), and weight for age (%W/A). The formulas are as followed:
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Patient’s weight x 100

%W/H =
50™ percentile weight at the same height
oL/A _ Patient’s height x 100
50™ percentile weight at the same age
Patient’s weight x 100
%W/A =

50™ percentile weight at the same age

3.3.2 Nutritional status assessments
Nutritional status of the patients was assessed by the 7-point SGA
questionnaire, which was modified by the Department of Clinical Nutrition, Siriraj
Hospital, Thailand (Appendix C). According to the SGA scores, nutritional status was
classified into three groups: well-nourished, moderately malnourished, and severely
malnourished (Table 4).
3.3.3 Dietary assessment
On the first and the last weeks of the study, the patients filled out a menu
with portion sizes to be eaten in three days (1 weekend day and 2 weekdays) in the 3-
day food record forms (Appendix C). The recorded data were used to analyze the
energy of food consumption to evaluate the proportion of energy distribution and to
assess the nutrients intakes by using the Thai Nutrisurvey software developed for Thai
food by the Department of Health, the Ministry of Public Health and the Faculty of
Tropical Medicine, Mahidol University, Thailand. The amount of nutrient intake
obtained from the 3-day food records was calculated to determine the average energy,

protein, carbohydrate and fat intakes per day.
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Table 3 Standard categories of BMI-for-age (CDC, 2000)

Percentile range Weight status categories
< 5™ Percentile Underweight
5" to < 85™ Percentile Healthy weight
85M to < 95™ Percentile Overweight
> 95" Percentile Obese

BMI = body mass index; kg/m? = kilogram/square meter

Table 4 Nutritional status classification

SGA score Nutritional status
1-14 Well-nourished
14 -35 Moderately malnourished
36 - 39 Severely malnourished

3.3.4 Hematological assessments

Peripheral blood (10 ml) of each patient was collected via venipuncture at
the beginning and at the end of the study. Blood in the amount of 3 ml was drawn into
a serum tube (non-additive tube) for determining serum vitamin E levels by high-
performance liquid chromatography (Institute of Nutrition, Mahidol University,
Nakhon Pathom, Thailand). The other 3 ml of the blood was collected into a heparin
coated tube for determining plasma hs-CRP levels by high sensitivity CRP test using
immunoturbidimetric method at Bangkok Pathology-Laboratory, Bangkok, Thailand.
In addition, 4-ml blood sample was collected into a K2 EDTA coated tube for

determining plasma TNF-a levels by sandwich ELISA assay (human TNF-a
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Quantikine HS Kit, R&D systems, Minnesota, The United State of America) and for
analyzing CBC (Siriraj Hospital, Bangkok, Thailand).
3.3.5 Compliance of vitamin E assessments
At the beginning of the study, the patients in the vitamin E group received
bottles of vitamin E capsules for 12-week supplementation. All patients were called at
least once a week to ensure that they took the capsules. At the end of the study, the
patients returned the remaining vitamin E capsules to be counted, and the percentage

compliance of each patient was calculated as followed:

Number of eaten capsules x 100

% of compliance =

Number of given capsules

3.4 Statistical analysis

Each variable in this study was tested for distribution of data by Shapiro-
Wilk test. Parametric statistic was used when the data was normally distributed. The
data were shown as mean = standard error of the mean (SEM). The differences in
demographic data were compared by Chi-square tests. Independent sample t-test was
used for statistical comparison of data between the vitamin E group and the control
group. Comparisons of the data within each group were made using paired sample t-
test. Correlations between variables were reported with Pearson’s coefficient. In
addition, non-parametric statistic was used when the data was not normally
distributed. For each analysis conducted, statistical significance was considered for

those that showed the P value less than 0.05.



CHAPTER IV

RESULTS

4.1 Characteristic of subjects

Thirty-seven patients with thalassemia intermedia were recruited into this
study. The types and hematology variables of the patients at baseline are listed in
Table 5. Most of the patients (56.8%) were diagnosed with p-thalassemia/
hemoglobin (Hb) E. Among the other patients, 7 were a-thalassemia/Hb constant
spring (CS), 5 were Hb A-E-Bart's with CS, 2 were Hb H and 2 were Hb H with CS.
The demographic and clinical data of the patients at baseline are shown in Table 6.
The patients included 18 males and 19 females. The patients of both genders had
similar characteristics including age, weight, height, severity of clinical symptoms,
and amount of daily dietary intake. Serum vitamin E levels and other variables were
statistically analyzed for their relationships. The results of relationships between those
parameters are presented in Tables 7. There were no correlations between the levels
of serum vitamin E and inflammatory markers (hs-CRP and TNF-a). However, serum
vitamin E levels were positively correlated with RBC count (r = 0.503, p = 0.002).

In this study, the thalassemic patients were assigned into two groups, the
control group and the vitamin E group. Eighteen patients in the control group (9 males
and 9 females) took their own prescribed medications with the diet based on the
nutritional advice for thalassemic patient, while 19 patients in the vitamin E group (9

males and 10 females) additionally supplemented with vitamin E at the dose of 10
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Table 5 Types and hematology parameters of the thalassemia intermedia subjects

Thalassemia types n (%) RE c’ Hb® Het"

(10°/mL) (g/dL) (%)
B-thalassemia/Hb E 21 (56.8) 442 +0.19 8.05+0.16 27.40 £ 0.57
a-thalassemia/Hb CS 7 (18.9) 487+0.31 8.24+0.34 29.79+1.21
Hb A-E-Bart's with CS 5(13.5) 537+0.14 8.66 £ 0.22 31.02+£0.30
Hemoglobin H 2(5.4) 5.32+0.34 8.85+0.50 31.35+0.45
Hemoglobin H with CS 2(5.4) 4.58 + 0.03 8.40+0.10 30.65 +0.85
8 Mean + SEM

n = number; RBC = red blood cell; Hb = hemoglobin; Hct = hematocrit; 10%mL = 1,000,000 per milliliter;

g/dL= gram per deciliter

Table 6 Baseline demographic and clinical characteristics of the subjects

Parameter® Male (n = 18) Female (n = 19) Total (n=37)
Age (yr) 11.94 +£1.03 1410+ 0.78 13.05 + 0.66
Vitamin E (ug/dL) 592.93 + 65.48 538.84 + 64.12 565.16 + 45.40
TNF-a (pg/mL) 1.40 £0.10 1.14 £ 0.08 1.27 £ 0.07
hs-CRP (mg/L) 0.77 £0.17 1.43+0.31 1.11+£0.18
RBC (10%/mL) 490 +0.22 447 +0.16 4.68 +0.14
Hb (g/dL) 8.36 £ 0.19 8.04+0.71 8.20+0.12
Hct (%) 29.00 £ 0.76 28.28 + 0.62 28.64 + 1.47
Height (cm) 140.96 + 5.05 149.57 + 3.20 145.38 + 3.00
Weight (kg) 35.70+3.11 41.18 +2.87 38.52 +2.13
BMI (kg/m?) 17.29 £ 0.69 18.01 £0.80 17.66 + 0.53
%WI/A 93.78 +3.94 98.43 +4.27 96.17 £2.90
%H/A 96.60 + 0.86 99.32+0.86 98.00 + 0.64
%W/H 101.38 + 4.04 96.79 + 3.94 99.02 +2.81
Energy intake (kcal/d)  1,169.86 + 48.31 1,135.45 + 43.82 1,152.20 £ 32.21
Protein (g/d) 49.25+2.94 52.44 +2.81 50.88 £ 2.02
Fat (g/d) 41.33+2.59 36.14 +1.65 38.66 + 1.56
Carbohydrate (g/d) 149.31 £5.98 149.90 £ 7.62 149.61 +£4.81

# Mean + SEM

n = number; TNF-a = tumor necrosis factor-a; hs-CRP = high sensitivity C-reactive protein; RBC = red blood cell;
Hb = hemoglobin; Hct = hematocrit; BMI = body mass index; %W/A = percentage of weight for age; %H/A =
percentage of height for age; %W/H = percentage of weight for height; yr = year; mg/L = milligram per liter;
pg/mL = pictogram per milliliter; 10%/mL = 1,000,000 per milliliter; g/dL= gram per deciliter; ug/dL = microgram
per deciliter; kg = kilogram; cm = centimeter; kg/m? = kilogram per meter square
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Table 7 Correlations between serum vitamin E level and study parameters

Parameters Correlation coefficient®
Inflammatory marker TNF-a -0.159
hs-CRP -0.251°
Hematological parameter RBC 0.503*
Hb 0.254
Hct 0.317
Growth assessment %WI/A 0.140°
%H/A -0.075
%W/H 0.161
BMI -0.180
Dietary intake Energy 0.325
Protein 0.130
Fat 0.274°
Carbohydrate 0.288

& Pearson’s correlation was used for statistical analysis.

® Spearman’s rank correlation was used for statistical analysis.

* Significant correlation between two variables (p < 0.01)

TNF-a = tumor necrosis factor-a; hs-CRP = high sensitivity C-reactive protein; RBC = red blood cell;
Hb = hemoglobin; Hct = hematocrit; %W/A = percentage of weight for age; %H/A = percentage of
height for age; %W/H = percentage of weight for height; BMI = body mass index

IU/kg/d for 12 weeks. At the end of the study, data of 6 patients were excluded. In the
control group, 2 patients lost to follow-up and 1 patient received a hypertransfusion
during the study. In the vitamin E group, 2 patients had poor vitamin E compliance as
they took vitamin E less than 80% of the supplementation, and the other 1 subject lost
to follow-up during the study.

The baseline demorgraphic and clinical characteristic data of both groups
are listed in Table 8. Data of 31 patients, which included 16 patients (7 males and 9
females) in the vitamin E group and 15 patients (8 males and 7 females) in the control
group, were assessed. Characteristic data including gender, age, duration of diagnosed
thalassemia, weight, height, and nutritional status of both groups were not

significantly different. The patients aged between 5-19 years old with the mean age of



Table 8 Demographic and clinical characteristics of the subjects at baseline

Characteristics

Vitamin E group

Control group

n (%) n (%)
Number of subjects 16 15
Gender
Male 7 (43.75) 8 (53.30)
Female 9 (56.25) 7 (46.70)
x> =0.285 p = 0.594
Age (yr)
Mean (yr)? 13.8+0.92 12.8 +1.00
t=-0.744 p =0.463
<10yr 3 (18.75) 3(20.00)
10-15yr 7 (43.75) 8 (53.33)
>15yr 6 (37.50) 4 (26.67)
x> = 0.435 p = 0.805
Duration of diagnosed thalassemia
Mean (yr)® 11.06 £ 0.92 9.06 +1.01
t=-1.008 p =0.322
<10yr 7 (43.75) 7 (46.67)
10-15yr 6 (37.5) 7 (46.67)
> 15yr 3 (18.75) 1 (6.66)
¥’ = 1.046 p=0.593
Height
Mean (cm)? 148.06 + 4.05 146.05 + 4.84
t=-0.320 p=0.751
Weight
Mean (kg)* 42.34 +£3.10 35.85 £ 2.77
t=-1.554 p=0.131
BMI for age (kg/m?)
Underweight 6 (37.5) 6 (40.0)
Normal 8 (50.0) 9 (60.0)
At risk of overweight 1(6.3) 0
Overweight 1(6.3) 0
¥’ = 2.029 p = 0.566
® Mean+SEM

yr = year; kg = kilogram; cm = centimeter; kg/m? = kilogram per meter square
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13.81 £ 0.92 years in the vitamin E group and 12.80 + 1.00 years in the control group.
The patients in the vitamin E group were diagnosed with thalassemia intermedia for
11.06 + 0.92 years, while the patients in the control group were diagnosed with
thalassemia intermedia for 9.06 = 1.01 years.

Mean body height and weight of the patients in both groups were not
significantly different. In the vitamin E group, mean height and weight were 148.06 +
4.05 cm and 42.34 + 3.10 kg respectively. In the control group, mean height and
weight were 146.05 + 4.84 cm and 35.85 £ 2.77 kg respectively. BMI was calculated
from weight and height of each patient. It was found that in the vitamin E group, 50%
of the patients were classified into normal BMI category, and 37.5% of those were
classified as underweight. The results also showed that 6.3% of the patients in the
vitamin E group were categorized into at risk of overweight class, and 6.3% of those
were classified as overweight. In the control group, 60% of the patients had normal
BMI, and 40% of them were classified into underweight category. However, there
was no difference in BMI between groups. All patients appeared to be well-nourished

when assessed by the SGA questionnaire.

4.2 Biochemical and hematological parameters of the subjects

Analyzed data of biochemical and hematological parameters of the
patients at baseline and the end of the study (week 12) are shown in Table 9. At
baseline, serum vitamin E levels of patients in the vitamin E group and the control
group were 510 * 64.65 g/dL and 558.45 * 76.71 pg/dL respectively. The levels of
serum vitamin E in these two groups were not significantly different. After 12 weeks

of the study, the levels of vitamin E in the patients who took vitamin E were 1,264 +



Table 9 Biochemical and hematological parameters of the subjects

Parameters® Vitamin E (n = 16) Control (n =15) Reference
Baseline Week 12 Baseline Week 12 range

Vitamin E (pg/dL) 510.56 + 64.65 1,264.43 + 119.32**11 558.45 £ 76.71 536.36 +£64.00 615 - 1,360°

TNF-a (pg/mL) 1.20 £ 0.09 1.14+£0.10 1.32+£0.10 1.34 £0.08

hs-CRP (mg/L)b 0.65 (0.10 - 3.10) 0.45 (0.10 - 2.90) 0.50 (0.20 - 4.90) 0.40 (0.20 - 3.10) 0.08 - 3.00°

RBC (106/mL) 4.85+0.18 490 +0.20 4.31 +£0.22 4.38 +0.21 4.2 - 5.4°

Hb (g/dL) 8.34+£0.15 8.54+£0.18 7.98 £0.20 8.04 £0.23 12 - 18°

Hct (%) 28.88 £ 0.67 29.48 £ 0.63 27.97 £0.74 28.13 £0.77 37 - 52°

WBC (10%/uL)" 10.20 (5.80 - 38.30)  8.75 (3.50 - 62.90) 9.50 (5.40 - 126.00) 8.50 (6.10 - 210.00) 5.7 - 9.4°

& Mean + SEM

® Median (Minimun - Maximum) of the data were presented when the data were not normally distributed.

Z Normal ranges in healthy children were obtained from Kassab-Chekir et al. 2003.

Normal ranges were obtained from Pearson et al. 2003.

¢ Normal ranges were obtained from laboratory manual, Siriraj Hospital, Thailand.
** Significant difference from baseline within group (p < 0.001)

* Significant difference from the control group at the same time point (p < 0.01)

n = number; TNF-a = tumor necrosis factor-a; hs-CRP = high sensitivity C-reactive protein; RBC = red blood cell; Hb = hemoglobin; Hct = hematocrit; WBC = white blood cell;
ug/dL = microgram/ deciliter; pg/mL = pictogram/milliliter; mg/L = milligram per liter; 10%/mL = 1,000,000 per mililiter; g/dL.= gram per deciliter; 10%/uL= 1,000 per microlite

Ge
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119.32 pg/dL. It was significantly increased from their baseline (p < 0.001) and was
higher than those of the patients in the control group (536.36 + 6.00 pg/dL, p <

0.001).

Tumor necrosis factor-o (TNF-a) levels of the patients in the vitamin E
group and the control group at baseline were 1.20 + 0.09 pg/mL and 1.32 + 0.10
pg/mL respectively. There was no significant difference in the levels of TNF-a
between both groups at baseline and at week 12. At baseline, the mean levels of hs-
CRP were 0.65 mg/L in the vitamin E group and were 0.50 mg/L in the control group.
After 12 weeks of vitamin E supplementation, the levels of hs-CRP did not change,
compared to baseline. There was no significant difference in hs-CRP levels between

groups at week 12 of the study.

Hematological variables presented were RBC, Hb, Hct, and white blood
cell (WBC). The amount of RBC, Hb, Hct, and WBC of the patients between the
vitamin E and the control groups at baseline were not significantly different. After the
vitamin E supplementation, the amounts of RBC, Hb, Hct, and WBC of the patients
did not change from their baselines. At week 12, the patients in the control group also
had no changes in RBC, Hb, Hct and WBC levels from baselines, and the amounts of

those were not different between groups.

4.3 Growth status and dietary intake of the subjects

Assessment of growth status in the thalassemic patients was based on body
height and weight. The results are shown in Table 10. The height and weight were

used to assess growth status by the national growth chart and were categorized into 4



Table 10 Growth status of the subjects at baseline and week 12 of the study

Parameters Vitamin E (n = 16) Control (n = 15)
Baseline Week 12 Baseline Week 12
n (%) n (%) n (%) n (%)
Height (cm)
Under 25™ percentile 5(31.3%) 5 (31.3%) 2 (13.3%) 2 (13.3%)
251-49.9" percentile 6 (37.5%) 6 (37.5%) 10 (66.7%) 10 (66.7%)
50"-74.9" percentile 5(31.3.0%) 5 (31.3%) 3 (20.0%) 3 (20.0%)
Over 75" percentile - - -
Weight (kg)
Under 25" percentile 5(31.3%) 5 (31.3%) 6 (40.0%) 7 (46.7%)
25"-49.9" percentile 6 (37.5%) 4 (25.0%) 4 (26.7%) 4 (26.7%)
50™-74.9" percentile 3(18.8%) 5 (31.3%) 5 (33.3%) 4 (26.7)
Over 75" percentile 2(12.5%) 2 (12.5%) - -
BMI for age
Underweight 6 (37.5%) 3(18.8%) 6 (40.00%) 8 (53.30%)
Normal 8 (50.0%) 11 (68.8%) 9 (60.00%) 7 (46.70%)
At risk of overweight 1 (6.3%) 1(6.3%) - -
Overweight 1(6.3%) 1(6.3%) - -

n = number; cm = centimeter; kg = kilogram

LE
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control group were classified into worse percentile of weight. These results were
consistent with categories of BMI. Three patients who were supplemented with
vitamin E and firstly classified as underweight had increased BMI and then were
classified into normal weight category. In contrast, 2 patients in the control group had

lower BMI when compared with baseline.

The results showed that percentage of weight for age (%W/A), percentage
of height for age (%H/A), and percentage of weight for height (%W/H) of the patients
in the vitamin E group at baseline were 102.05 £ 5.17, 98.13 + 1.11 and 105.04 = 5.11
respectively, and those in control group were 90.48 + 3.49, 98.49 + 0.89, and 93.24 +
2.92 respectively. At the end of the study, %W/A, %H/A and %W/H of the patients in
both groups did not change from baselines, and the differences between groups were

not found.

In the present study, nutritional status of the patients was assessed by SGA
questionnaire. The result showed that the patients in both groups were well-nourished
at baseline and week 12. Dietary intakes of the patients assessed by 3-day food
records at baseline and week 12 are shown in Table 11. At baseline, there were no
significant differences in the amounts of energy, protein, fat, and carbohydrate
consumption between groups. Total energy intakes in the vitamin E group were
significantly increased from 1,174.73 + 51.08 kcal/d at baseline to 1,301.00 + 75.53
kcal/d at week 12 (p = 0.037). At week 12, the total energy intakes in the vitamin E
group were significantly greater than those in the control group (p = 0.008). The
amount of carbohydrate consumption in the vitamin E group significantly increased

after the vitamin E supplementation (151.52 + 5.97 g/d at baseline and 172.69 + 9.47



Table 11 Dietary intake of the subjects in the control group and vitamin E group at baseline and week12 of the study

Parameters® Vitamin E (n = 16) Control (n = 15) Reference
Baseline Week 12 Baseline Week 12 range
Total energy intake
kcal/d 1,174.73 £51.08 1,301.00 + 57.53** 1,128.50 £ 54.62 1,095.00 £42.21 1,600 - 1,700°
Protein intake
g/d 53.03 + 3.98 54.84 + 2.97 48.33 £2.29 47.57 +2.18 40 - 41
kcal/d 212.13 + 15.92 219.37 £11.89 193.34 £ 9.16 190.30 + 8.73
g/kg/d® 1.44(0.41 - 3.16) 1.44 (0.53 - 2.78) 1.52 (0.86 - 3.34) 1.43(0.74 - 2.18) 1.2
% of total energy 17.86 £ 0.89 16.83 £ 0.49 17.42 £0.82 17.59 £0.81
Fat intake
g/dP 38.17 (24.46 - 78.06) 39.19 (28.84 - 72.72) 38.08 (23.67 - 47.38) 33.47 (25.63 - 50.67) -
kcal/d® 343.56 (220.12 - 702.51) 352.73 (259.56 - 654.48) 342.72 (213.03 - 426.42) 301.23 (230.64 - 456.03)

% of total energy 29.79 + 1.19 29.87 £ 1.63 30.32 £ 1.09 30.70 £ 1.56
Carbohydrate intake
g/d 151.52 + 5.97 172.69 + 9.47*1 148.12 + 9.75 142.62 +9.08 -
kcal/d 606.09 + 23.88 690.77 + 37.89*" 592.47 + 39.02 570.50 + 36.33
% of total energy 52.08 + 1.57 53.12+1.88 52.03 +1.63 51.57 +1.89
4Mean + SEM

® Median (range)

¢ Reference ranges from Reference Intake For Thais 2003, Bureau of Nutrition , Ministry of Public Health

* Significant difference from baseline within group (p < 0 .05)

* Significant difference from the control group at the same time point (p < 0.05); ™" Significant difference from the control group at the same time point (p < 0.001)
n = number; g/d = gram per day; kcal/day = kilocalories per day; g/kg/day = gram per kilogram per day

6¢
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at week 12, p = 0.044). In addition, carbohydrate intakes in the vitamin E group were
significantly higher than those in the control group at week 12 (172.69 £ 9.47 g/d in
the vitamin E group and 142.62 + 9.08 g/d in the control group, p = 0.030). Total
protein and fat intakes of the patients were not significantly different within group and

between groups.

4.4 Compliance and adverse effects of vitamin E supplementation

In this study, 18 patients were assigned to consume vitamin E at the dose
of 10 IU/kg/d for 3 months. At the end of the study, the patients were evaluated for
their compliance by counting the remaining vitamin E capsules. It appeared that 2
patients had low compliance as they consumed vitamin E less than 80% of the
supplementation. Therefore, these patients were excluded from this study. Average
percentage of compliance of 16 patients was 89.40 + 1.21. All patients could consume

vitamin E throughout the study without any adverse effects.



CHAPTER V

DISCUSSION

This study investigated the effect of vitamin E supplementation on levels
of TNF-a, hs-CRP, serum vitamin E, and CBC in patients with thalassemia intermedia
(aged 5 - 19 years) who did not require regular hypertransfusion at Pediatric
Hematology Clinic, Siriraj Hospital. In addition, the effect of vitamin E on their

growth, nutritional status, and amount of dietary intake were also evaluated.

5.1 Correlations between serum vitamin E and study parameters of the subjects
At baseline, this study evaluated levels of plasma TNF-a and hs-CRP,
serum vitamin E, CBC, growth, and dietary intake in the patients with thalassemia
intermedia for analyzing relationships between serum vitamin E levels and the study
variables. The results showed that no correlations between levels of vitamin E and
TNF-a and hs-CRP were found. Previous study by Aryaeian et al. (2009) showed that
patients with joint inflammation had high levels of CRP (3.46 - 12.18 mg/L) but low
levels of vitamin E (237 - 811 pg/dL). Improving of vitamin E concentrations in the
patients who suffer from the inflammation may alleviate their inflammatory status. It
was found that vitamin E supplementation could decrease levels of TNF-a and hs-
CRP in patients with type 2 diabetic, metabolic syndrome, and rheumatoid arthritis
(Devaraj and Jialal, 2000; Devaraj et al., 2008; Aryaeian et al., 2009). The results in
the previous studies may be due to the effects of vitamin E on inflammatory gene

expression by reducing NF-xB activity that involved in the regulation of
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inflammatory response (Suzuki and Packer, 1993). The decreased NF-«B activity may
result in decreased plasma TNF-a and hs-CRP concentrations. However, correlations
between the levels of vitamin E and inflammatory markers were not found in the
present study. This may associate with the differences in characteristics and severity
of inflammation among patients in each study. The patients recruited in this study had
only subclinical inflammation. Therefore, the apparent relationship between the levels
of vitamin E and inflammatory markers may not be shown.

The serum vitamin E levels positively correlated with amount of RBC in
this study. This correlation could be explained by the protective effect of vitamin E on
RBC membranes. Generally, the RBCs of the patients are easily destroyed. Tesoriere
et al. (2001) showed that RBCs of patients with thalassemia intermedia increased
resistance to osmotic lysis after 9 months of vitamin E supplementation. In addition,
Sutipornpalangkul et al. (2012) demonstrated that vitamin E could increase fluidity of
erythrocyte membranes after daily treatment with 350-mg vitamin E for a month in -
thalassemia/Hb E. Therefore, increasing vitamin E intake either from supplementation
or food may improve vitamin E status, which could be beneficial on RBC count in

thalassemic patients.

5.2 Effect of vitamin E supplementation on serum vitamin E level

This study evaluated serum vitamin E levels in the patients with
thalassemia intermedia. At baseline, the vitamin E levels of the patients were in the
range of 565.16 + 45.40 pg/dL. The result showed that the vitamin E levels in patients
with thalassemia intermedia were lower than those in healthy persons (Kassab-Chekir

et al.,, 2003; Chow, 2001). Kassab-Chekir and colleagues (2003) found that serum
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vitamin E concentration in healthy children aged 8 - 12 years were in the range of 615
- 1,360 pg/dL. In addition, Chow (2001) showed that the normal range of vitamin E
levels in healthy adults were 770 - 1,550 pg/dL. The serum vitamin E levels in the
present study agreed with several studies reporting that serum vitamin E concentration
in patients with thalassemia intermedia were lower than those in healthy persons
(Tesoriere et al., 2001; Sutipornpalangkul et al., 2012; Claster et al., 2009). In
addition, this study found that the serum vitamin E of the patients with thalassemia
intermedia were higher than those in thalassemia major children (Kassab-Chekir et
al., 2003). It could be explained that the clinical symptoms of the patients in the
Kassab-Chekir’s study were more severe than the symptoms of the patients in this
study.

After the patients in the vitamin E group were supplemented with vitamin
E at the dose of 10 IU/kg/d for 12 weeks, the patients had higher vitamin E levels
reaching the normal range. Vitamin E is a nutrient for antioxidant defense system,
which eliminated excessive ROS in the body (Chakraborty and Bhattacharyya, 2001,
Cimen, 2008). Excessive free radicals in the thalassemic patients generated lipid
peroxidation reaction, which damaged to RBC membranes (Pfeifer et al., 2008). In
addition, high levels of ROS lead to inflammation (Grimbles, 1998; Li and Karin,
1999; Taher et al., 2006).

The result in the present study indicated that supplementation with vitamin
E in the patients with thalassemia intermedia could improve their vitamin E levels.
This result agreed with other previous studies including the study of Tesoriere et al.
(2001). They showed that treatment with 600 mg/day of vitamin E in patients with

thalassemia intermedia for 9 months significantly increased their vitamin E levels.
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Similarly, Das et al. (2004) reported an improvement of vitamin E levels after vitamin
E supplementation at dose of 10 mg/kg/day for 4 weeks in patients with B-
thalassemia. Moreover, Dissayabutra et al. (2005) evaluated daily supplementation
with 100 g of vitamin C and 400 - 600 mg of vitamin E (400 mg in thalassemic
children weighted less than 20 kg and 600 mg in the children weighted at least 20 mg)
for 3 months. They found that levels of vitamin C and vitamin E in these patients
improved when compared with baselines. Sutipornpalangkul et al. (2012) also showed
that plasma vitamin E levels in patients with B-thalassemia/Hb E markedly increased
after vitamin E supplementation at the dose of 350 mg/d for a month.

Several studies reported that vitamin E supplementation in patients with
thalassemia not only improved their vitamin E levels, but also ameliorated their
oxidative stress status (Tesoriere et al., 2001; Das et al., 2004; Dissayabutra et al.
2005; Rashidi et al., 2011). There was a study found that low levels of vitamin E in
thalassemic patients correlated with high levels of conjugated diene lipid
hydroperoxide in LDL, which involved the development of atherogenesis (Liverea et
al., 1998). Thus, vitamin E supplementation may be beneficial to patients with
thalassemia intermedia in terms of increasing the vitamin E levels and diminishing the

oxidative stress that is related to numerous complications.

5.3 Effect of vitamin E supplementation on inflammatory markers

In the present study, inflammatory markers including TNF-a. and hs-CRP
were evaluated. At baseline, the levels of TNF-a and hs-CRP in the patients were 1.27
+ 0.07 pg/mL and 1.11 + 0.18 mg/L respectively. Haddy and colleagues (2003)

demonstrated that TNF-a concentration in healthy young persons (aged 12 to 20
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years) were in the range of 1.0 - 4.5 pg/mL, and hs-CRP concentration were in the
range of 0.2 - 1.2 mg/L.

Based on the previous study, baseline TNF-a levels of the patients in the
present study were closed to those in healthy young persons (Haddy et al., 2003). The
baseline TNF-a levels in this study disagreed with studies of Butthep et al. (2002),
Lombardi et al. (1994) and Kyriakou et al. (2001) who found that serum TNF-a levels
in thalassemic patients were higher than those in healthy patients. Butthep and
colleagues (2002) showed that TNF-a levels in patients with B-thalassemia/Hb E aged
16 - 42 years were 21.2 £ 5.1 pg/ml, while the TNF-a levels in the present study were
lower than those levels. Lower TNF-a levels of the patients in this study, compared to
thalassemic patients in other studies may be due to the characteristics of the patients
recruited in this study. Although they suffered from mild anemia, their appearance
and hematological data were closed to those in healthy persons. In addition, they did
not have severe clinical symptoms of thalassemia including hepatosplenomegaly and
bone marrow expansion. Therefore, inflammation-related complications might not be
clearly observed. Age differences of the patients among the studies could be another
explanation for different results. Forsey et al. (2003) and Ferrucci et al. (2005)
reported that production and secretion of the pro-inflammatory cytokines and the
endothelial adhesion molecules was related to aging. Bruunsgarrd et al. (2003)
demonstrated that TNF-a levels in healthy men were correlated with age. Most of the
patients in the present study were younger than those from the previous study
(Kyriakou et al., 2001; Butthep et al., 2002).

High TNF-a levels were shown to induce the expression and release of

VCAM-1 (Kallmann et al., 2000). Increasing of soluble adhesion molecule reflects to
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endothelial cell activation. The prolonged activation of endothelial cells and the
elevated concentration of hs-CRP involved in increased risk for atherogenesis and
others cardiovascular complications (Cleland et al., 2000; Zwaka, Hombach and
Torzewski, 2001). Taher et al. (2010) demonstrated that increasing age in thalassemia
intermedia patients trended toward a higher rate of cardiovascular complications such
as thrombosis, and pulmonary hypertension.

At baseline, the hs-CRP levels in the patients were closed to those in the
healthy young persons (Haddy et al., 2003). However, the average hs-CRP level in the
present study was higher than those in 8- to 12-year-old healthy children, which were
0.7 mg/L (Jarvisalo et al., 2002). Ablij and Meinders (2002) reported that CRP
concentration was 0.8 mg/L under normal physiological circumstance. This result
agreed with the study of Kanavaki et al. (2009) who demonstrated that patients with
thalassemia intermedia were endured with low-grade chronic inflammation. They
demonstrated high levels of hs-CRP, TNF-a and soluble endothelial adhesion
molecules in the thalassemia intermedia patients. Increasing of these inflammatory
markers might cause many complications in the thalassemic patients (Zhang and
Tracey, 1998).

Although there were studies focusing on inflammation in thalassemia
intermedia, the present study could be considered as the first study that evaluated the
effect of vitamin E supplementation on levels of TNF-a and hs-CRP in the patients
with thalassemia intermedia. The result showed that TNF-a levels did not change in
the patients who were supplemented with vitamin E for 12 weeks. This result
disagreed with Devaraj et al. (2008) who demonstrated decreased TNF-a levels in

patients with metabolic syndrome after 6 weeks of a-tocopherol (800 IU/day)
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supplementation. In addition, the unchanged TNF-a levels in the present study may be
due to the clinical status of the patients. According to the inclusion criteria, the
thalassemia intermedia patients in this study were free from clinical symptoms of
inflammation. The TNF-a levels in this study were lower than those in patients with
B-thalassemia major and hemoglobin H (Lombardi et al., 1994; Butthep et al., 2002).
In addition, relationship of vitamin E and TNF-a levels was not found at the baseline.

In this study, the hs-CRP levels of the patients in the vitamin E group did
not change after 10 1U/kg/d of vitamin E supplementation for 12 weeks. This result
agreed with a previous study, which reported that vitamin E supplementation at dose
of 500 mg/d for 6 weeks in type 2 diabetic patients with low concentration of CRP
(0.95 - 2.82 mg/L) did not alter CRP levels of the patients (Wu et al., 2007). However,
Aryaeian et al. (2009) showed that daily supplementation of 400 mg of vitamin E in
patients with active rheumatoid arthritis for 12 weeks significantly decreased CRP
levels. They found high levels of CRP (3.46 - 12.18 mg/L) in the active rheumatoid
arthritis patients. In addition, Devaraj et al. (2007) observed the effect of vitamin E on
the patients with coronary artery disease who had high levels of CRP (2.6 - 6.4 mg/L).
They found that daily supplementation of vitamin E (1,200 1U/d) at least 6 months
could significantly reduce CRP concentration. Therefore, no change in the hs-CRP
level in the present study was possibly due to the differences of dose and duration
between this study and the previous studies. In addition, the thalassemia intermedia
patients did not have high baseline hs-CRP concentration as found in patients with
active rheumatoid arthritis. Furthermore, this study found no correlation between

levels of vitamin E and hs-CRP.
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The present study found low levels of TNF-a and hs-CRP in the patients
with thalassemia intermedia. It could imply that inflammatory status of the patients
with thalassemia intermedia in this study was only at subclinical state. The patients
who were included in the study had stable clinical symptoms and were free from
inflammation. However, it was reported that the patients with thalassemia intermedia
suffered from the low grade chronic inflammation (Kanavaki et al., 2009). Based on
the recommendation of the American Heart Association, the patients who have levels
of hs-CRP more than 3.00 mg/L are considered to have high risk for cardiovascular
disease (Pearson et al., 2003). The present study found that the patients had hs-CRP
levels in the normal range of 0.08 - 3.00 mg/L (Pearson et al., 2003). However, the
CRP levels in the patients varied among individuals. Hence, CRP concentration in the
thalassemia intermedia patients should be monitored because it plays a role in

developing of many complications.

5.4 Effect of vitamin E supplementation on hematological parameters

This study evaluated CBC of patients with thalassemia intermedia. At
baseline, a positive correlation between levels of vitamin E and RBC was found.
Theoretically, vitamin E is a lipophylic antioxidant, which defenses against oxidative
damage for RBC (Cimen, 2008). Tesoriere and colleagues (2001) found that vitamin
E at the dose of 600 mg/d for 9 months in thalassemia intermedia patients could
improve RBC count. They also demonstrated increased RBC resistance to osmotic
lysis. Thus, increasing levels of vitamin E should decrease intravascular hemolysis,

which brings about improving of hematological parameters.
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In the present study, vitamin E treatment did not affect the amount of
RBC. The results of this study also showed no effects of 12-week vitamin E
supplementation on hematological variables in the thalassemia intermedia patients
including RBC, Hb, Hct, and WBC. Although Ngarmpattarangkoon (2010) found that
12-week vitamin E supplementation in the patients with thalassemia intermedia
prolonged their RBC lifespan, their hematological variables including RBC, Hb, and
Hct did not change. This agreed with Pfeifer et al. (2008) who found that daily
supplementation of vitamin E 400 IU in patients with thalassemia intermedia for 3
months did not change Ht and Hct. Dissayabuta et al. (2005) also found no difference
in Hb level after co-treatment of vitamin E (400 - 600 mg/day) and vitamin C (100
mg/day) for 3 months in patients with p-thalassemia. In contrast, improving of
erythrocyte count, Hb, Hct, and MCH in thalassemia intermedia patients were
reported after 9 months of oral vitamin E 600 mg/day supplementation (Tesoriere et
al., 2001). Das et al. (2004) also found that Hb levels of thalassemia major patients
were improved after vitamin E treatment at dose of 10 mg/kg/day for 4 weeks when
compared with those of untreated patients. Perhaps, the effect of vitamin E on CBC
depends on many factors including clinical severity of thalassemia and dose and

duration of vitamin E treatment, which were different among the studies.

5.5 Effect of vitamin E supplementation on growth and nutritional status

In this study, growth assessment was based on height and weight of the
patients. When compared with the national growth reference for Thai healthy children
at the same age, the results demonstrated that stunted growth and underweight were

found in more than 60% of the patients. In addition, 40% of the patients were
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underweight when height and weight of each patient were calculated and classified by
BMI. Most of the previous studies considered growth status in patients with
thalassemia major (Fuchs et al., 1996; Shalitin et al., 2005; Merchant, Shirodkar and
Ahmed, 2011). Fuchs et al. (1996) reported that height and weight of the patients with
thalassemia major were less than the averages of healthy children. Moreover, around
60% of transfused-dependent thalassemic patients who aged 13 - 24 years were found
to have short stature and delayed puberty (Merchant et al., 2011). However, delayed
growth in patients with thalassemia intermedia could also be occurred.
Thongkijpreecha et al. (2011) reported that delayed growth development was found in
thalassemia intermedia patients. They showed that 63.3% of thalassemia intermedia
patients were underweight, and 36.7% of the patients had delayed longitudinal
growth.

Growth retardation, a normal clinical feature, is generally found in
thalassemic patient. This feature depends on the severity of the disease (Taher et al.,
2006). Shalitin et al. (2005) demonstrated that levels of serum ferritin in thalassemia
major patients with short stature were higher than those in patients with the normal
height. In this study, the patients with thalassemia intermedia also experienced
delayed growth as thalassemic major. There were several causes relating to delayed
growth development in thalassemic patients. These included chronic anemia, iron
overload, and nutrient deficiencies (Shalitin et al., 2005; Fung, 2010).

Most of the patients in this study were underweight. This result accorded
with their dietary intakes. A 3-day food record was used to assess average daily food
consumption among the patients. Mean energy intake per day of the patients was less

than the recommendation for Thai children (1,600 - 1,700 kcal/day). The result agreed
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with Thongkijpreecha et al. (2011) who found poor dietary intake in thalassemia
intermedia patients. Inadequate energy intake may lead to underweight and cause
nutrient deficiencies in the thalassemic patients. Recently, there was a study showing
that thalassemic patients had low levels of vitamins and minerals including vitamin A,
vitamin C, vitamin D, vitamin E, zinc, and selenium (Claster et al., 2009). Excessive
free radicals in the thalassemic patients required antioxidants for detoxifying of the
free radical reactions. Imbalance of dietary intake and over requirement of antioxidant
nutrients in patients with thalassemia leads to depletion of many antioxidant nutrients.
The antioxidant nutrient deficiencies are associated with poor health outcomes in the
thalassemic patients (Tesoriere et al., 2001; Claster et al., 2009; Fung et al., 2010).
The present study found that vitamin E treatment at dose of 10 mg/kg/d for
12 weeks significantly improved daily total energy intake of the patients with
thalassemia intermedia. Bolton-Smith and colleagues (1991) showed that amount of
vitamin E intake was significantly associated with total energy intake in smokers.
They also found a positive relationship between level of serum vitamin E and BMI.
This study indicated that weight and BMI of some patients were classified into better
category after the vitamin E supplementation. Increased dietary intakes may lead to
weight gain in these patients. The results were similar to the study of Rashidi et al.
(2011). They revealed that BMI of thalassemia major patients were significantly
increased from their baseline after vitamin E administration (400 mg/d) for 3 months.
Therefore, the vitamin E supplementation may provide a positive effect on increased
dietary intake in the patients with thalassemia intermedia, which is important for

growth development in the patients.



CHAPTER VI

CONCLUSION

This study evaluated the effect of vitamin E supplementation on the levels
of inflammatory markers (TNF-a and hs-CRP) and serum vitamin E, CBC, nutritional
and growth status, and amounts of dietary intakes in patients with thalassemia
intermedia who did not receive regular blood transfusion at Siriraj Hospital. Thirty-
one patients were recruited and assigned into the vitamin E group (daily supplemented
with vitamin E at the dose of 10 1U/kg) and the control group. After 12 weeks of the
study, serum vitamin E levels in the patients who supplemented with vitamin E were
significantly increased. However, the levels of the inflammatory markers did not
change. This study showed that total energy and carbohydrate consumptions were
significantly improved after vitamin E supplementation. In addition, weight and BMI
of some patients ameliorated and classified into better category. The unchanged
inflammatory markers may be associated with their subclinical inflammation.
However, those should be monitored because the levels of inflammatory markers
varied among individuals.

In conclusion, the present study revealed that although vitamin E
supplementation did not affect the levels of TNF-a and hs-CRP, it might be beneficial
to patients with thalassemia intermedia in terms of improving vitamin E levels and
increased dietary intakes, which related to maintain good nutritional status and

essential for growth development in the patients.
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Recommendations for further study

This is the first study that observed effect of vitamin E supplementation on
inflammatory markers in thalassemic patients. For further study, the vitamin E
supplementation on inflammatory markers may be studied in patients with
thalassemia major who have more severe clinical symptoms and inflammatory status.
The effect of vitamin E supplementation should be investigated in longer duration and
larger population. Varied doses of vitamin E supplementation may be investigated to
clarify the dose of vitamin E that is effective for anti-inflammation. Additionally, the
control group may be supplemented with placebo to reduce bias of the study. Healthy
patients who age similar to the patients may also be enrolled into the study for

comparison.
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8. HamgIANesliRn1g

5 o o . Alpin | dilain
BilaHE AR FNAUNTIAE
0 12
Judpnga  (Juihaw
1)
ANAulatia (mmHg) | < 130/80
RBC (x 10°/l) 4.2-5.4
Hb (g/dl) 12-18
Hct (%) 37-52
MCV (fl) 80-99
MCH (pg) 27-31
MCHC (g/dI) 31-35
WBC (x 10°/ul) 4-11
Platelet (x 10°/pl) 150-440
% Neutophil 40-74
% Lymphocyte 19-48
% Monocyte 3.4-9
% Eosinophil 0-7
% Basophil 0-1.5
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1 P Ao =
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NUINTUANEASAREN TSINETLNARASS T AUSLNNEAIRASASTIITNENLNR NS, 02-419-7740-1

TRURBUDEL  LTFlovvrrroo oo oeeeeoeseeeeeseeeeeereeeeeeeeeee oo eeeeeeeeseereeeeeereeereeeeenree

O wedhaer oo, Oorp.
BNl N BAUGL. s n. s g TEnee
y . . =201 (294 (207)
o o a A A o el 1 o
DT VR AN, 8. O weu O &lansifeinuun g 1|J 255
Uszuwiminlaenny O4c Odnonw Ouszanm
BUSERY e O wenuna O uwnel 7 Suislssifisn oo
7-point Subject Global Assessment Junilsziaiu

1. UsedRvruinandasuuias (2 4Uan9i 59 6 LHaunnuNn)

—  dwilniin A viTeanaadniias (> 0.5 nn. usl < 1 nn.) score 1-2
y

— Wutnaatunane 1 nn. ws < 5%) score 3-5

—  duidnanun (> 5%) score 6-7

2. ngsudszvuanmsiidaguuiasldannini

— Liwdsuulas ideanaudnilas lutosdun score 1-2
—  Bnoumsfutlszniuniie uastBunnuiaanlug A score 3-5

—  dinanisfudszniuning vietfunnanadludiamasisenudntias score 6-7

3. a1N1sNeTEULR WS NAnUNRA

— lifleans sivedlennniandes e score 1-2
= ” . o o P {

—  fanstie uanndn 2 dland vSaeanasianusEumy score 3-5

—  fenmndu idatiaasununinnad 2 dlanif score 6-7

4. pnugnnsalunisdsznaunainsdssdaniu

a A @ v fa aX
— Unf viTeanadlANTaY WA ITNATY score 1-2
a o °o o & ~ o aX
—  ARIR9UIEANIUAAAIANTRE YTRAAAININLATNATU score 3-5
—  fadnsdsrarduanaininiTasaauauL LRt naen score 6-7

5. Wasting of subcutaneous fat (Hax<gu ganlusiuudianuawan winan)

— il viedieuaniies score 1-2
— 1unanaviae] yaLsian score 3-5
— wmiveguusslunnenFom viedaulung score 6-7

6. Wasting of muscle (nﬁwtﬁaﬁmgnm)

— i vieRfeudnide score 1-2
— 1unanaian) yausiim score 3-5
— wnmviveguussluunasEion viedaulung score 6-7

7. Edema (LaNLUT a0 1 AunL)

1 & oA =3 ¥
— 'lifl viveflilaadnies scare 1-2
— 1unane score 3-5
e AR EGEIEN score 6-7

FAINASLLUY
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pan9ileziiu 1-14 Azuuwe  Ung, Aamnanstssfiudilawiazake
15-35 ATWUY  27ARUNTANTes Rl unany, Aapnunisssiilunie iy 3 4u
36-49 AZUUU  UIABIUITTUKN, Wilngsuingmneiui
Weight loss score
. B et £ d vhwind vhwind viwiindi
dwminrend | anas (n) | anas(n) | aaas (n) e fmm (nn.) fmm (nn.) f\mm (nn.)

AR dhutnanas | thutinanas | thutinanas o) wwiinamas | dwiinanas | shuiinanas
(nn.) 5% 5-10 % <10% 5% 510 % <10%
34 kg <1.70 1.70-3.40 > 3.40 82 kg <4.10 4.10-8.20 >8.20
36 kg <1.80 1.80-3.60 >3.60 84 kg <4.20 4.20-8.40 >8.40
38 kg <1.90 1.90-3.80 > 3.80 86 kg <4.30 4.30-8.60 >8.60
40 kg <2.00 2.00-4.00 > 4,00 88 kg <4.40 4.40-8.80 >8.80
42 kg <210 2.10-4.20 >'4.20 90 kg <4.50 4.50-9.00 >9.00
44 kg <220 2.20-4.40 > 4.40 92 kg <4.60 4.60-9.20 >9.20
46 kg <230 2.30-4.60 >4.60 94 kg <4.70 4.70-9.40 >9.40
48 kg <240 2.40-4.80 > 4.80 96 kg <4.80 4.80-9.60 >9.60
50 kg <250 2.50-5.00 > 5.00 98 kg <4.90 4.90-9.80 >9.80
52 kg <260 2.60-5.20 >5.20 100 kg <5.00 5.00-10-00 >10.00
54 kg <2.70 2.70-5.40 > 5.40 102 kg <5.10 5.10-10.20 >10.20
56 kg <2.80 2.80-5.60 > 5.60 104 kg <5.20 5.20-10.40 >10.40
58 kg <2.90 2.90-5.80 > 5.80 106 kg <5.30 5.30-10.60 >10.60
60 kg <3.00 3.00-6.00 > 6.00 108 kg <5.40 5.40-10.80 >10.80
62 kg <3.10 3.10-6.20 > 6.20 110 kg <5.50 5.50-11.00 >11.00
64 kg <3.20 3.20-6.40 > 6.40 112 kg <5.60 5.60-11.20 >11.20
66 kg <3.30 3.30-6.60 > 6.60 114 kg <5.70 5.70-11.40 >11.40
68 kg <3.40 3.40-6.80 > 6.80 116 kg <5.80 5.80-11.60 >11.60
70 kg <3.50 3.50-7.00 >7.00 118 kg <5.90 5.90-11.80 >11.80
72 kg <3.60 3.60-7.20 >7.20 120 kg <6.00 6.00-12.00 >12.00
74 kg <3.70 3.70-7.40 > 7.40 122 kg <6.10 6.10-12.20 >12.20
76 kg <3.80 3.80-7.60 >7.60 124 kg <6.20 6.20-12.40 >12.40
78 kg <3.90 3.90-7.80 >7.80 126 kg <6.30 6.30-12.60 >12.60
80 kg <4.00 4.00-8.00 >8.00 b

" S 155 %)
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AR AR 16

a9 0 Flp9in 12

Yminea Rlans)

AUge (LIURIRAT)

ANATUNIANNE (body mass index; BMI)

[vivein (NN.)/AHGS(H.5)]
nazlaguinisagluinug

<18.5 = wamiiuly 18.5-22.9 = snuvintlng

23-24.9 = UNULNANNW > 25 = 13A891

L .

ST




87

Boys aged 2-19 years: height and weight
MName ___ SES __Date of Birth ___ _ILN.
Father height _ Mother height _ Mid parental height .
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Appendix E

Gragh of BMI-for-age and gender
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Appendix F

Statistical Analysis
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Statistical analysis

Chi-square test was used to compare the difference of characteristics of the
subjects at baseline between the vitamin E group and the control group. Shapiro-Wilk
test is a statistical test used to assess the normality of data distribution. The test is
suitable for small samples sizes (n < 50). The statistics for comparing each variable
between the vitamin E group and the control group were Independent t-test
(parametric test) and Mann-Whitney test (nonparametric test). Paired t-test
(parametric test) and Wilcoxon signed ranks test (nonparametric test) were applied to
compare means and medians of variables within group. In addition, correlations
between variables were analyzed by Pearson correlation and Spearman’s rank
correlation for parametric and nonparametric data respectively. The level of statistical

significant was considered when p-value was under 0.05.

Normal distribution test

Each continuous variable was assessed for normal distribution by the
Shapiro-Wilk test. The results were presented in Table F-1. Distribution of a variable
was normal when p-value was above 0.05. Parametric statistic could be used to
compare mean of variables. On the other hand, p-value of a variable was less than

0.05. Median of the data was considered and analyzed by non-parametric method.
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Table F-1 The normal distribution test of variables by Shapiro-Wilk test

Variables groups statistic df p-value
TNF-a (pg/dL) Vitamin E (before) 0.926 16 0.208
Vitamin E (after) 0.950 16 0.483
Control (before) 0.927 15 0.242
Control (after) 0.944 15 0.437
hs-CRP (mg/L) Vitamin E (before) 0.855 16 0.016
Vitamin E (after) 0.803 16 0.003*
Control (before) 0.729 15 0.001*
Control (after) 0.674 15 0.000*
Vitamin E (ug/dL) Vitamin E (before) 0.921 16 0.173
Vitamin E (after) 0.955 16 0.573
Control (before) 0.963 15 0.747
Control (after) 0.954 15 0.589
RBC (10°/mL) Vitamin E (before) 0.958 16 0.621
Vitamin E (after) 0.971 16 0.851
Control (before) 0.964 15 0.760
Control (after) 0.940 15 0.380
Hb (g/dL) Vitamin E (before) 0.931 16 0.248
Vitamin E (after) 0.903 16 0.089
Control (before) 0.908 15 0.126
Control (after) 0.867 15 0.031
Hct (%) Vitamin E (before) 0.841 16 0.010*
Vitamin E (after) 0.930 16 0.248
Control (before) 0.969 15 0.848
Control (after) 0.823 15 0.007*

* Data were not normally distributed (p < 0.05)
TNF-o = tumor necrosis factor-a; hs-CRP = high sensitivity C-reactive protein; RBC = red blood cell; Hb =
hemoglobin; Hct = hematocrit; pg/mL = pictogram per milliliter mg/L = milligram per liter; pg/dL =

microgram per deciliter; 10%/mL = 1,000,000 per milliliter; g/dL= gram per deciliter
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Table F-1 The normal distribution test of variables by Shapiro-Wilk test (continued)

Variables groups statistic df p-value
WBC (10°/uL) Vitamin E (before) 0.653 16 0.000*
Vitamin E (after) 0.482 16 0.000*
Control (before) 0.626 15 0.000*
Control (after) 0.531 15 0.000*
%W/A Vitamin E (before) 0.814 16 0.004*
Vitamin E (after) 0.800 16 0.003*
Control (before) 0.905 15 0.115
Control (after) 0.939 15 0.373
%H/A Vitamin E (before) 0.943 16 0.386
Vitamin E (after) 0.970 16 0.833
Control (before) 0.911 15 0.140
Control (after) 0.916 15 0.165
%W/H Vitamin E (before) 0.853 16 0.015
Vitamin E (after) 0.841 16 0.100
Control (before) 0.912 15 0.144
Control (after) 0.932 15 0.296
Energy (kcal/d) Vitamin E (before) 0.974 16 0.897
Vitamin E (after) 0.939 16 0.337
Control (before) 0.965 15 0.785
Control (after) 0.949 15 0.501
Protein (g/d) Vitamin E (before) 0.954 16 0.556
Vitamin E (after) 0.966 16 0.773
Control (before) 0.916 15 0.166
Control (after) 0.927 15 0.244

* Data were not normally distributed (p < 0.05)

WBC = white blood cell; %W/A = percentage of weight for age; %H/A = percentage of height for age;
%WY/H = percentage of weight for height; 10%uL = 1,000 per milliliter; kcal/day = kilocalories per day;
g/d = gram per day
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Table F-1 The normal distribution test of variables by Shapiro-Wilk test (continued)

Variables groups statistic df p-value
Protein (kcal/d) Vitamin E (before) 0.954 16 0.556
Vitamin E (after) 0.966 16 0.773
Control (before) 0.916 15 0.166
Control (after) 0.927 15 0.244
Protein (g/kg/d) Vitamin E (before) 0.906 16 0.101
Vitamin E (after) 0.859 16 0.019*
Control (before) 0.831 15 0.009*
Control (after) 0.932 15 0.294
% Protein of total energy Vitamin E (before) 0.948 16 0.455
Vitamin E (after) 0.969 16 0.816
Control (before) 0.889 15 0.066
Control (after) 0.909 15 0.133
Fat (g/d) Vitamin E (before) 0.748 16 0.001*
Vitamin E (after) 0.865 16 0.023*
Control (before) 0.949 15 0.513
Control (after) 0.931 15 0.281
Fat (kcal/d) Vitamin E (before) 0.748 16 0.001*
Vitamin E (after) 0.865 16 0.023*
Control (before) 0.949 15 0.513
Control (after) 0.931 15 0.281
%Fat of total energy Vitamin E (before) 0.911 16 0.123
Vitamin E (after) 0.912 16 0.124
Control (before) 0.958 15 0.666
Control (after) 0.970 15 0.857

* Data were not normally distributed (p < 0.05)
kcal/day = kilocalories per day; g/kg/day = gram per kilogram per day; g/d = gram per day
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Table F-1 The normal distribution test of variables by Shapiro-Wilk test (continued)

Variables groups statistic df p-value
Carbohydrate (g/d) Vitamin E (before) 0.991 16 1.000
Vitamin E (after) 0.958 16 0.628
Control (before) 0.929 15 0.265
Control (after) 0.983 15 0.984
Carbohydrate (kcal/d) Vitamin E (before) 0.991 16 1.000
Vitamin E (after) 0.958 16 0.628
Control (before) 0.929 15 0.265
Control (after) 0.983 15 0.984
%Carbohydrate of total Vitamin E (before) 0.933 16 0.271
energy Vitamin E (after) 0.945 16 0.408
Control (before) 0.939 15 0.369
Control (after) 0.976 15 0.935

* Data were not normally distributed (p < 0.05)
g/d = gram per day; kcal/day = kilocalories per day
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