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Background bone complications especially osteoporosis are very common in
Thalassemia patients. The objectives of this study was to assess risk factors of osteoporosis
among adult thalassemia intermedia and minors and its prevalence in randomly selected
adult population

Patients and Methods 190 adult thalassemia intermedias and minors was included
in the descriptive cross-sectional study.Patients with untreated hypogonadism, untreated
hypothyroidism , menopause and with history of treatment with medications that have
effects on skeletal and bone metabolisms were excluded.BMD of femoral neck were
measured by means of calibrated dual energy X-ray absorptiometry. Independent factors
likely to be associated with osteoporosis were determined and included in the analysis to

ascertain possible associations.

Results Of 190 patients, 58 male and 132 female patients were included. Mean age
was 35.48+14.11 years old(range 15-87). The Mean Z score of femoral neck was was -
0.86+1.14 (range -3.7-2.40). prevalence of osteoporosis was 22/190(11.59%). Comparison by
type of thalassemia and its severity (blood transfusion dependent or nor), Mean BMD Z Scores
among 3 types of thalassemia were different including thalassemia intermedias with blood
transfusion dependent -1.01+1.17, thalassemia intermedias with blood transfusion
independent -0.97+1.16 and thalassemia minors -0.54+1.01, p=0.017. Correlation between the
pretransfusion hemoglobin level and BMD score was r=0.192,p=0.008.By univariate
analysis,this study showed low BMI was a risk factor for osteoporosis(OR=3.09,95%C| 1.09-
8.76,0=0.039 ) and iron chelation therapy as a protective factor(OR=0.24,95%Cl 0.09-
0.69,p=0.005). In multivariate analysis, there were no significant factors.

Conclusions: Regarding the high prevalence of osteoporosis in patients with
thalassaemia, all patients at risk should be screened periodically for bone disease. The
uncertainty and disagreements as to the potential role of different factors indicate the
necessity for further studies in order to recognize the pathophysiologic basis of this serious

complication of thalassaemia.
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CHAPTER |

INTRODUCTION

1.1 Background and Rationale

Thalassemia is one of the most common genetic disorders. In Thailand as
endemic area of this disease,there are approximately 12,000-13,000 newly diagnosed
all types of thalassemia every year while there are about 600,000 patients living with
this disease(1).In Thailand and South East Asia, high prevalence in HbE (upto 40-50%
in some area in North East region of Thailand) so B thalassemia with Hb E is very
common and high frequency of Ol thalassemia gene (upto 20-40% in the north of
Thailand) so HbH which is combination of abnormality of this gene is also common
too the past decades, more advances and safer blood transfusion therapy and
effectiveness of iron chelation contribute thalassemic patients to live longer.
Consequently, they suffer from more morbidity. Due to heterogeneity of this disease,
in study by Voskaridou et al, osteoporosis is very high prevalence (upto 50%) among
thalassemia major (the most severe form) as compared with less severe
form(thalassemia intermedia and minor)(2). In Thailand, there is national policy for
screening high risk couples who will give birth with thalassemia major prenatally ,so
incidence of thalassemia major decreases substantially since this policy has been
implemented. While non-major thalassemia (thalassemia intermedia and thalassemia
minor) are more common, there are no exact prevalence of osteoporosis among non-
major thalassemia in Thailand. According to large retrospective study about common
practice in treatment of thalassemia intermedia in Mediterranean Europe and Middle
East Asia (OPTIMAL CARE), prevalence of osteoporosis is 22.9%(3). Because
differences in geographic area, dietary calcium intake and ethnicity, we can not assume

the same prevalence as aforementioned study. It’s the objective of this study



to measure how much extent of osteoporosis among non-major thalassemia patients in
Thailand.

Osteoporosis represents prominent causes of morbidity in children and adults
of both genders with thalassemia(4,5,6). Pathogenesis of thalassemia-induced
osteoporosis (TIO) involves ineffective erythropoiesis and bone marrow expansion,
endocrine complications, iron overload and iron chelation therapy , vitamin deficiency
(especially vitamin D) and ,finally, decreased physical acitivity(7).One important
factor in TIO is ineffective erythropoiesis leading to increase erythropoietic activity
and bone marrow cavity expansion and then finally distort bone architecture.
Theoretically, suppression of erythropoietic activity by keeping hemoglobin level
higher than baseline should decrease bone distortion leading to cortical bone loss. It’s
common practice guideline for pediatric hematologists for keeping higher hemoglobin
level (hypertransfusion regimen) which is around 10-12g/dl. Hypertransfusion regimen
is proved clinically significant in maintenance normal growth and development in
children and adolescents. About bone mass aspect, there are many observations found
that suboptimal transfused thalassemic patients had low bone mass than those with
regular transfusion. However, there is no evidence-based information about keeping
high hemoglobin level in helping maintain bone mass in adult setting. In Thailand,
National Practice guideline for diagnosis and management of thalassemia latest version
(2011) suggests hypertransfusion regimen for thalassemic children aged less than 15
years old. There is no recommendation for hypertransfusion regimen or keep higher
hemoglobin level in adult patients. Objective of blood transfusion in adult patients
includes supportive and symptomatic treatment for anemic symptoms or special
conditions such as preoperative preparation and pregnancy. There are many concerns
about side effects from frequent blood transfusion . these side effects include iron
overload, alloimmunization and infectious risk. Due to advancement in transfusion

therapy and more effective and more accessible iron chelation, all of side effects can



minimize and it’s feasible to keep adult thalassemic patients with higher hemoglobin
level than usual practice.so we want to know the association between pretransfusion

hemoglobin level .



CHAPTER Il

REVIEW OF LITERATURES

2.1 Review of Related Literatures

In aspect of prevalence of osteoporosis in Thailand, by searching the
international databases (Pubmed, Scopus, Medline, CINAHL) and also local
database(ThailndexMedicus), there are two papers reporting about prevalence of
osteoporosis in childhood and adolescent thalassemia major which is as high as
50%(8,9).The mechanism of pathogenesis of bone disease in thalassemia is
multifactorial and complicated. Peak bone mass is reached shortly after completion of
puberty and normally remain stable until the 3" decade of life when age-related bone
loss begins. Nontransfused patients who develop bone distortion mainly due to
ineffective erythropoiesis and progressive marrow expansion ,result in bone
deformities(10).In contrast, severe B thalassemic patients with regular transfusion had
greater BMD than moderately severe B thalassemic patients without regular blood
transfusion(11).So the reduction of the rate of marrow erythropoiesis by blood
transfusion which is reflected by high hemoglobin level would be the factor that
reduces the severity of low BMD in thalassemic patients. this confirms in the study of
different transfusion schemes in 52 beta thalassemia patients shows that strong
association between prehemoglobin transfusion and erythropoiesis (r=-
0.77,p<0.001)(12,13). However, correlation of BMD with rate of marrow
erythropoiesis has not been demonstrated in adult patient settings. It can hypothesize
whether high hemoglobin level(suppressed erythropoietic activity in Bone marrow )

correlates with high BMD.



CHAPTER IlI

RESEARCH METHODOLOGY

3.1 Research Questions

3.1.1 Primary research question:

-Risk Factors of osteoporosis among adult thalassemia patients

-association between hemoglobin level and osteoporosis

-Prevalence of osteoporosis among adult thalassemia patients in Rajavithi hospital.
3.1.2 Secondary research question:

-association between iron chelation and osteoporosis

-association between iron loading and osteoporosis

-prevalence of vitamin D deficiency

3.2 Research Objectives

3.2.1 to determine risk factors and prevalence of osteoporosis among adult
thalassemia patients

3.2.2 to find association between hemoglobin level and osteoporosis

3.2.3 to determine association between iron loading , iron chelation and

osteoporosis

3.3 Hypothesis

none



3.4 Conceptual framework

Thalassemia induced osteoporosis

-Sex Blood transfusion

-Age

-Physical activity

NG| Iron chelation

Hemoglobin Iron overload (desferrioxam-

-Stature(Weight,Height,
BMI)

level ine vs others)

-dietary calcium

-Vitamin D level

osteoporosis

Black arrow-aggravating, White arrow-improving, grey arrow-influencing
Figure 1: conceptual frame work shows factors that have influences on osteoporosis in

thalassemia patients

3.5 Key words

thalassemia, osteoporosis, Hemoglobin level

3.6 Operational Definitions

thalassemia: thalassemia syndrome with diagnosis by Hemoglobin
electrophoresis or High Performance Liquid chromatography(HPLC), not including
thalassemia trait, homozygous Hb E

Osteoporosis: BMD Z score (femoral neck) <-2.5 by WHO criteria’



Hemoglobin level: stable Hemoglobin level at the time of obtaining blood sample (if
patient get blood transfusion, blood sample should be obtained at least 2 week after
last transfusion)

Iron overload: ferritin level over 1000ng/ml at time of obtaining blood sample which
should be no sign and symptoms of illnesses.

blood transfusion dependent(TD): need regular blood transfusion every 4-12 weeks or
less for maintenance Hemoglobin level above 6-7 g/dl.

blood transfusion independent(TI): don’t need or need blood transfusion at the interval
more than 12 weeks for maintenance Hb level above 6-7 g/dl.

BMI: (Body mass index) will be calculated by

Weight (Kg)/Heightz(mz)

3.7 Research Design

Descriptive, cross-sectional study

o Thalassemia major

ThalassemiaintermedialTI)

— with blood transfusion
dependent Bone mineral
density

Tl with blood transfusion
independent

— Thalassemia minor

Adult thalassemia patients

Figure 2: diagram representing research design



3.8 Research Methodology

3.8.1 Population and Sample

Thai adult thalassemia patients age between 15-50(15) year-old who are
currently followed up at outpatient department(OPD), Hematology Unit, Rajavithi
Hospital.

-sample population:

adult thalassemia patients with who are currently followed up at outpatient
department(OPD), Hematology Unit Rajavithi Hospital and fulfill the following
criteria.

3.8.2 Inclusion criteria/Exclusion criteria:

Inclusion criteria

-adult thalassemia patients aged between 15-50 years old

-no history of regular taking following medications which have effects on
calcium bone metabolism ,including vitamin D,calcium,steroids,anticonvulsants,
diuretics and/or bisphosphonates(within 3 months before enrollment)

-normal gonadal function: no delayed puberty from History taking and physical
examination

-normal renal and liver function

-consent for blood sample taken for test and evaluation for bone mineral
density

Exclusion criteria:

-hypothyroidism without treatment

-immobilization during the last 3 months

-bone and skeletal related disorders

-menopause

-Pregnancy



-HIV infection

3.8.2 Sample size determination

This study was a descriptive study to estimate the prevalence of osteoporosis in
thalassemia intermedia. Based on OPTIMAL CARE study3,prevalence of
osteoporosis in thalassemia intermedia was 22.9%. In this study, it was
expected that the prevalence would be 23% with 95% CI of 23%+6% (error =
6% = 25% of prevalence). Therefore, a sample of 190 patients was required as
shown below. n = szz P(1-P) / d2

P=prevalence of osteoporosis=0.23

Q=1-0.23

d = Acceptable error in estimating prevalence = 0.06

n = 188.98~190

3.9 Data collection

Independent variables:

Age

Sex

Height

Body weight

BMI(Body Mass Index)

type of thalassemia(thalassemia intermedia, thalassemia minor)
blood transfusion dependent vs independent
type of iron chelation(deferrioxamine vs other)
Iron loads(ferritin level)

Hemoglobin level

Physical activity

Dietary calcium intake
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Dependent variables:

BMD(bone mineral density)

Measurement of variables

Age-years

Sex-M vs F

Body Mass Index(BMI)

Iron overload(ferritin- ng/ml)

Hemoglobin level(g/dl)

type of thalassemia- result of Hemoglobin electrophoresis

Physical activity-use WHO GPAQ (global physical activity questionnaire
version2 2005) to calculate into average METs(metabolic equivalents) (see appendix)
Dietary Calcium Intake-using 3 days food record and semiquantitative Food Frequency
Questionnaires in combination with Table of Thai food composition of calcium to
convert to daily calcium in mg/day.

Vitamin D level:Vitamin D total assay which quantify Vitamin D level into
total 25-OH vitamin D in human plasma in ng/ml unit. Serum 25(OH)D2 and
25(OH)D3 were analyzed by LCMS/MS with an Agilent 1260 Infinity liquid
chromatograph (Agilent Technologies, Waldbronn, Germany)coupled to a QTRAP®
5500 tandem mass spectrometer(AB SCIEX, Foster City, CA, USA) using a
MassChrom® 25-OH-Vitamin D,/D, diagnostics kit (Chromsystems,Munich,
Germany). The summation of serum 25(0OH)D, and 25(OH)D, was used to reflect
vitamin D status. The inter-assay and intra-assay coefficients of variation of total
serum 25(OH)D level were 6.3% and 5.0%, respectively BMD: dual-X-ray
absorptiometry(Lunar DPX-L,version 1.32:Lunar Corp,Madison, WI, USA). data are
expressed as BMD Z scores at Femoral neck area that are calculated from BMD

values of sex- and age-matched normal Thai adult.
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Thalassemia patients have delayed bone age,BMD Z score may be
underestimated. so bone age is also calculated for BMD Z score for bone age.

Data collection will be made at the OPD Hematology Rajavithi Hospital and
the questionnaire interview will do at the provided area at the OPD Hematology too.
About 3 days food record form, the patients will be informed about how to record their
3 day dietary intake in the 3 day dietary food record form (see appendix 4), the form

will be collected by phone or fax or email.



3.10 Data analysis

Table 1: Data analysis

Data

Presentation

[Administrative variables
-Identification Number

-Code

Screening case

History taking

female: menstruation
Physical examination
-Tanner pubertal staging
Test for screening only
-Liver function test
-BUN(mg/dl)
-Cr(mg/dl)

-TSH

-Free T,

Demographic data
-age(years)

-sex

-weight (kgs)
-Height (meters)

BMI(kg/m’)

continuous
dichotomous
continuous

continuous

Mean,SD
frequency,%
Mean,SD
Mean,SD

Mean,SD

Hemoglobin level(g/dl)

continuous

Mean,SD

12
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Data Presentation

degree of anemia categorical

-Hb< 7 g/dl frequency,%
-7<Hb<10 g/dl frequency,%
-Hb>10 g/dl frequency,%
iron loading(ferritin-ng/ml) continuous  [Mean,SD
degree of iron overload categorical

-no (ferritin<1000ng/ml) frequency,%
-mild to mod.(1000<x<2500mg/ml) frequency,%
-severe(>2500mg/ml) frequency,%
type of iron chelation categorical

-none frequency,%
-deferrioxamine frequency,%
-others frequency,%
Physical activity(METs)* continuous  [Mean,SD
daily calcium intake(mg/day) continuous  [Mean,SD
[BMD Z score continuous |[Mean,SD




Thalassemia
intermedia

with D

Thalssemia

intermedia

with I

Thalassemia

minor

Age (years)

Sex (MvsF)

Weight,Height
(BMI)

Hemoglobin

level (g/dl)

Ferritin(ng/ml)

Physical

activity(METSs)

Daily calcium

intake(mg/day)

250H

vitD(ng/ml)

14

Table2: demographic data will be analyzed by despritive statistics for Mean,SD for

continuous variables and (D-blood transfusion dependent, I-blood transfusion

independent)
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Score

Table 3: Comparison of mean difference of BMD among study groups will be

analyzed by ANOVA

Thalassemia (Dvsl)

Age(<=30 vs >30-
50)

Sex(MvsF)

Hb ((<10 vs >10g/dl)

ferritin(<1000vs>=1

000ng/ml)

iron Chelation Rx vs

[No

Deferrioxamine v

other

Table 4: univariate analysis for parameters on osteporosis



16

Correlational analysis

simple regression analysis for association between Hemoglobin level and
osteoporosis, other interested factors(blood transfusion frequency, iron loading,
chelation therapy, Age, Sex, body stature, vitamin D level, dietary calcium intake) and
osteoporosis.

Univariate analysis and binary logistic regression model for identification of
risk factors for osteoporosis. Finally, multiple regression analysis is done for overall

factors impact on osteoporosis.

3.11 Ethical Considerations

The protocol must be reviewed and approved by the ethical committee of
Rajavithi Hospital review board. All eligible subjects will be received detail of the
study by the informed consent
and from research assistants. (If patients are incapable in reading) The informed
consent will explain the protocol thoroughly about the following items:

- Detail protocol, objectives and methods of study.

- Patients have the right to refuse to participate or withdraw from this study at
any time without interfering their proper medical care.

- A signed informed consent will be obtained from the subjects without
enforcement.

No harmful to participant due to blood test done routinely when
the patients come to follow up at the clinic.

Measurement of BMD by Dual-X-ray absorptiometry is very
low risk for patient due to minimal dose of X ray beam exposed in one test.

- There 1s no reimbursement or compensation for the patients in the study.
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3.12 Limitation

This study design is descriptive, cross-sectional study. Outcome can be defined
in term of prevalence and associations between interested factors and outcome but
difficulty of establishing causal relationships between osteoporosis and Hemoglobin
level is major weakness. so confounding factors that have affects on bone metabolism
other than suppression of erythropoietic activity by maintaining high hemoglobin are

controlled by exclusion criteria and multivariate analysis.

3.13 Expected benefit and application

Know the prevalence of osteoporosis in Thai thalassemia population. So this
study let us concern about osteoporosis among thalassemia patients to consider
intervention to prevent further complications from osteoporosis, including fractures,
bone pain. Association between high hemoglobin level with less osteoporosis will help
us continue further study about causal effect of keeping blood transfusion to maintain

high hemoglobin to decrease further bone loss in adult patients.

3.14 Obstacles

Measurement of 250H vitamin D has variation between laboratory .so we need

to validate reliability by standard Quality control measure.



CHAPTER IV

RESULTS

4.1 Patient Demography and Characteristics

190 patients were met inclusion criteria for eligibility. As shown in table 3 ,
there was 138(72.6%) patients with thalassemia intermedia and remaining 52(27.4%)
patients with diagnosis of thalassemia minor. There were 58 male patients and 132
female patients. Mean age was 35.5+14.1 years, range 15-87years old. Occupations of
this study subjects included that 31 (16.3%) were working in private sector, 30
(15.3%) were students, 30 (15.3%) were housewifes, 21 were working for government
(11.1%) and other as shown in figure . Subjects came from nationwide beside Bangkok
(73, 38.4%). About treatment expenditure coverage, nearly half of our study subjects
(94, 49.5%) were under universal coverage program, while remaining 62 (32.6%) were
social welfare, 29(15.3%) were reimbursement by government or state enterprises, as
shown in figure . Mean hemoglobin level at steady state among overall 190 patients
was 7.35+ 1.81 g/dl. Classified by hemoglobin level, this study, most patients have
hemoglobin less than 10g/d1(176, 92.6%),while remaining subjects (14,7.4%) have
more than 10g/dl. About iron loading status at steady state, Mean ferritin level
1,745.53+1981.42 ng/ml(range 45.4-19,471.00). According to classification of degree
of iron overload( severe:defined as > 2,500ng/ml), 80 (42.1%) subjects were without
iron overload, 68(35.8%) subjects were defined as non-severe iron overload and
42(22.1%) were severe iron overload. Within 110 subjects with iron overload, 93
patients were receiving iron chelation therapy including deferrioxamine(10, 10.75%),
deferipone(71, 76.34%), deferasirox(2, 2.15%) and combination(all were

deferrioxamine and deferipone;10, 10.75%), as shown in pie chart.
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B desferrioxamin
[ deferipone

O deferasirox

B combination
[Me iron chelation

Type of iron chelation therapy

Figure 3 : Pie chart of type of iron chelation therapy in iron overload patients.

About splenectomy status, a total of 57 (30%) patients were splenectomized.
S1patients with blood transfusion dependent and 139 patients with blood transfusion
independent were included in this study. Among type of thalassemia (intermedia and
minor), 490f 51(96.08%) patients with blood transfusion dependent were thalassemia
intermedia, while 2 (3.92%)thalassemia minor patients were blood transfusion
dependent.

In aspect of physical activity, mean physical activity was 1684.43+2493.74
METs-minutes-week with skewness 3.09. Median physical activity was 800 METs-
minutes-week. 48 of 132 (34.8%) thalassemia intermedia patients were classified as
low physical activity(less than 600 METs-minutes-week) , in comparison with 27 of

52(52.1%) thalassemia minor patients with low physical activity.
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Finally, daily dietary calcium intake and vitamin D level parameters, mean
daily dietary calcium intake was 575.89+364.00 mg ( range 11.0-2810.73). According
to Thai RDA for daily calcium in adult aged more than 16 years with no less than 800
mg, prevalence of inadequate daily calcium intake was 82.1%(156/190). Mean vitamin
D level was 25.35+26.51ng/ml(range7.53-371.42) , prevalence of vitamin D

deficiency (<20ng/ml) was 35.26%(67/190).

4.2 Outcome

Mean BMD score among overall 190 subjects was -0.86+1.14 (range -3.7-
2.40). prevalence of osteoporosis was 22/190(11.6%). After excluding thalassemia
minor , prevalence of osteoporosis among thalassemia intermedia patients was
19/138(13.77%). Comparison between mean BMD among Thalassemia intermedia
with blood transfusion dependent(49) , Thalassemia intermedia with blood transfusion
independent(89) and Thalassemia minor (52) were -1.01+1.17, -0.97+ 1.16 and -0.54+
1.01 with p =0.017,respectively. There was a weak positive correlation between

hemoglobin level at steady stead and BMD score (= 0.192 ,p=0.008).

Thal intermedia | Thal intermedia | Thal minor P value
with D with |
Mean BMD score -1.01+1.17 -0.97+ 1.16 -0.54+ 1.01 0.017

Table 5 : Comparison of mean BMD Z scores among varieties of thalassemia

intermedia and minor .




Thalassemia Thalssemia Thalassemia P
intermedia intermedia with | minor value
with D(n=49) | I(n=89) (n=52)
Age (years) 30.4+12.0 349+15.15 41.4+12.0 <0..05
Sex (M:F) 17:32 33:56 8:44 -
BMI 18.86+2.22 19.62+3.11 21.52+2.98 <0.05
(kg/m’)
Hemoglobin 6.37+1.44 7.22+1.69 8.51+1.69 <0.05
level (g/dl)
Ferritin(ng/ml) | 2834.9+3006.0 | 1647.70+1352.40 | 886.2+939.4 | <0.05
Physical
activity(METs- | 1,671.842269.6 | 1,732.3+2500.8 | 1614.6+2719.8 | 0.81
minutes-week)
Daily calcium 618.3+465.4 570.6+354.7 545+259.6 0.47
intake(mg/day)
250H 23.0+8.23 22.5+7.84 32.5+48.6 0.022
vitD(ng/ml)
Mean+SD
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Table 6: Comparison among 3 groups of patients including Thalassemia Intermedias

with blood transfusion dependent and independent and Thalassemia minors.
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Parameter Number (%) Crude | 95%CI P
Osteoporosis No OR value
n=22 n=168
Age(years)
>35 11(50) 87(51.8) 1
<35 11(50) 81(48.2) 0.93 (0.38,2.26) | 0.875
Sex
Female 14(63.6) 118(70.2) 1
Male 8(27.4) 50(29.8) 1.30 (0.08,2.53) | 0.53
Thalassemia
type
Thal Inermedia
Thal Minor
19(86.4) 119(70.8) 0.38 (0.11,1.36) 0.2
3(13.6) 49(29.2) 1
Blood
Tranfusion
dependent 9(40.9) 42(25) 0.48 (0.19,1.21) | 0.11
Independent 13(59.1) 126(75) 1
Ferritin
>1000ng/ml 16(72.7) 94(55.9) 2.07 (0.83,5.93) | 0.14
<1000ng/ml 6(27.3) 73(44.1) 1 1
Iron
Chelation
Yes 5(22.7) 92(54.8) 0.24 (0.09,0.69) | 0.005*
No 17(77.3) 76(45.2) 1

Table 7: Univariate analysis for risk factors of osteoporosis




Risk Factor analysis (univariate analysis)(continued)
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Number(%) P
Parameter CrudeOR 95%CI value
Osteoporosis No
n=22 n=168
BMI(kg/m’)
Low(<20) 17(77.3) 88(52.4) 3.09 (1.06,7.15) | 0.027"
Normal(>20) 5(22.7) 80(47.6) 1
Splenectomy
Yes 8(36.4) 49(29.2) 1.33 (0.59,3.00) | 0.49
No 14(63.6) 119(70.8) 1
Physical activity
Low(<600METs- 12(54.5) 63(37.5) 1.84 (0.84,4.04) | 0.12
e 10(45.5) 105(62.5) 1
Normal(>600)
Vit D
level(<20ng/ml)
Low 9(40.9) 58(34.5) 1.27 (0.57,2.82) | 0.56
Normal 13(59.1) 110(65.5) 1
Daily Ca. (mg/d)
Low (<800) 18(81.8) 138(82.1) 1 (0.31,3.10) | 0.97
Enough 4(18.2) 30(17.9) 0.98

Table 7: (continued)

Using univariate analysis for identying risk factors for ostpeoporosis, low BMI

was a risk factor with Crude OR 3.09 (95%CI 1.06-7.15,p=0.027),whereas other

paramaters including Age, Sex, thalassemia type, blood transfusion status,

splenectomy status, physical activity level, vitamin D level and dietary calcium intake
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were not statistically significant identified as risk factors according to table 7.
However, iron chelation therapy were analyzed to be a protective factor with crude

OR 0.24(95%CT 0.09-0.69, p=0.005).

Multivariate analysis on Binary logistic regression for outcome of osteoporosis

Parameter Adjusted OR P value
Age(years) : >35 0.90 (0.31,2.59) 0.84
Sex:Female/Male 0.97 (0.34,2.79) 0.96

Hb level:< 10 0.71 (0.16,3.21) 0.65

Type of Thal: I vs Minor 1.78 (0.40,7.94) 0.45
Splenectomy: Y 0.52 (0.17,1.61) 0.26
Blood transfusion:Dependent 1.54 (0.52.4.59) 0.44
Ferritin(ng/ml): >1000ng/ml 0.72 (0.22,4.21) 0.60
Iron chelation: yes 0.32 (0.08,1.14) 0.076
BMI(kg/mZ): Low <20k 292 (0.92,9.34) 0.070
Physical activity : Low 2.33  (0.84,6.43) 0.10
Vitamin d level: Low 1.26 (0.46,3.36) 0.66
Daily Ca intake: Low 0.81 (0.14,4.60) 0.81

Table 8: multivariate analysis for adjusted OR for risk of osteoporosis

When evaluation all parameter to calculate adjusted OR , there were no factors
that could be identified to be a risk or a protective factor for osteoporosis. Just low
BMI and iron chelation therapy had a trend to be a risk and protective factor with

adjusted OR ,2.92(95%CI 0.92-9.34) and 0.32(95%CI 0.08-1.14) respectively.



CHAPTER V

DISCUSSION

This study is the first one that identifies complication of osteoporosis in
thalassemia intermedia and thalassemia minor in South East Asia, and also further
highlight different prevalence from large retrospective study for these groups of
patients in mediterranean Europe and the Middle East ,our prevalence of osteoporosis
is about half of previous study (11.59% vs 22.9%)(3). However, our criteria for
diagnosis of osteoporosis was defined by only BMD T score less than -2.5 at femoral
neck. To make comparison with the same criteria in our hospital retrospective study of
osteoporosis among 750 postmenopausal thai women,by Saengsuda S(20), we found
that our prevalence(11.59%) was approximately two times as that of high risk
population(6.3%). For Asian populations, the reported prevalence of osteoporosis in
Korean women older than 50 years old was 5.7% at femoral neck(22). For Japanese
women aged between 50 and 79 years old, prevalence of osteoporosis defined by BMD
score at femoral neck was 9.5%(23). As compare to normal thai population,
prevalence of osteoporosis in men and postmenopausal women in Thailand are
12.6%(18) and 13.6%(19), our study prevalence of osteoporosis among thalassemia
intermedia and minor seemed similar(11.59%). However, the main concern was the
criteria for diagnosis of osteoporosis in Thai high risk group is different from our
criterion (use BMD T score at femoral neck).For population in the same geographical
region as Thailand, there is no direct data represent real osteoporosis in our region.
Due to differences in genetic factors, ethnicity, geographical variation, urban or rural
lifestyles, sunlight exposure, severity of thalassemias and differences in practice
managements, osteoporosis complications among adult thalassemia patients in thailand
is less common or may be underrecognized. It’s generally accepted that low BMD

confers to risk of osteoporosis and finally skeletal related complications. In this study,
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Mean BMD score in thalassemia intermedias with dependent blood transfusion is
generally less than those with blood transfusion independent and thalassemia minors.
Most studies in thalassemia major demonstrated that high proportion of osteoporosis
40-50%(21,22) and osteoporosis is associated strongly with increasing age, history of
hypogonadism and concurrent hypothyroidism. In this study, after excluding patients
with history of untreated hypogonadism and clinical hypothyroidism, the prevalence
of osteoporosis among thalassemia intermedias and thalassemia minors is still common
(11.59%). So it’s recommended to periodically monitor bone densitometry should be
included in the evaluation of patients with thalassemia in order to help guide proper
treatment in appropriate time.

About risk factors, peak bone mass is normally achieved shortly after
completion of puberty and is stable until the third decade of life. It is just after the age
of 30 that age-related bone mineral loss begins. However, in thalassaemic patients, this
process starts much sooner and progresses more swiftly. Based on this study findings
and those of others BMD Z score significantly deteriorates with age. Age could not be
demonstrated as a risk factor for osteoporosis in this study. It is known that in those
patients whose lifespan is getting longer, osteopenia and osteoporosis are among the
major causes of morbidity, with a strong negative impact on the quality of life. In
aspect of patients’gender, it’s generally accepted as female is a risk factors for
osteoporosis. For thalassemia patients, most studies in young thalassemia majors
patients with hypogonadism (25), female and hypogonadism were identified as risk
factors for osteoporosis.

About pretransfusion hemoglobin, there are already scientifically evidences
supported that high hemoglobin level is associated with suppressing bone marrow
erythropoietic acitivity in childhood and adolescent settings (11,12,13). Consequently,
keeping high pretransfusion hemoglobin level results in improvement of bone

mineralization and finally keeps the pediatric patients with normal growth and



30

development. This study also demonstrated statistically significant association between
pretransfusion hemobloin level with BMD score. However, that relationship was low
(r=0.192). There should be many factors that have impacts on bone mineral density in
adult thalassemia intermedia and thalassemia minor. The same conclusion has been
emphasized by other groups(3): the normalisation of hemoglobin levels does not affect
the unbalanced bone turnover on adult thalassaemic patients .In contrary, frequent
transfusion leading to high iron load was demonstrated to be a potential risk factor for
osteoporosis, supporting by other study(3) which identified high serum ferritin as a
risk factor. That findings could be demonstrated with a trend in this study. During
screening process, about 26% of these patients has subclinical hypothyroidism which
we don’t know how important of this condition on osteoporosis ,we need further
cohort study to demonstrate importance of this condition.

About risk factors of osteoporosis in this study, low BMI and no iron chelation
were found to be statistically significant risk factors by univariate analysis but not in
multivariate analysis; while age, sex, pretranfusion hemoglobin, splenectomy, dietary
calcium intake and physical activity can not be demonstrated to be risk factors . There
are some explanations that most of patients in this study with variation in disease
severity and threshold for transfusion in each patient, the patients with clinically
suspected or preemptive diagnosis of delayed puberty or postmenopausal women were
excluded. So patients with clinically hypogonadism and no estrogen effect were
excluded in this study. Sex was not identified as risk factors for osteoporosis. In one
study by Ebrahimpour et al(14), there were no significant differences between
thalassemia major and intermedia patients with and without osteopenia or osteoporosis
with respect to age and sex , Additonally, all patients were treated by adult
hematologists which blood transfusion threshold just for symptomatic treatment
according to Thailand national guideline for treatment adult thalassemia patients. Most

of patients(82.1%) were identified as inadequate dietary calcium intake according to
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Thai RDA(15)(recommended dietary advice for adult (more than 6 years old >800
mg/day). As reported in WHO survey 2009(24), nearly all Asian countries falled far
below the FAO/WHO recommendations for calcium intake of between 1000 and 1300
mg/day. The median dietary calcium intake for the adult Asian population was
approximately 450 mg/day, with a potential detrimental impact on bone health in the
region. So we could not demonstrate any association between low dietary calcium and
bone complication. However, thalassemia patients should be encouraged to have
adequate dietary calcium intake, despite unknown long term effect on osteoporosis.
This was the same for physical activity which significant proportion of patients in this
study(75/190,39.47%) was classified to have lifestyles with low physical activity.
Additionally, there was a trend for increased risk of osteoporosis in patients with low
physical activity. This study showed no correlation between vitamin D level on
complication of osteoporosis among thalassemia intermedia and thalassemia minor.,
vitamin D level tended to be low in patient with more severity. As compare to overall
Thai population, prevalence of vitamin D deficiency in this study population (35.26%)
is much higher than normal thai population(5.7%)(26).There is one study by Singh et
al(16) that found moderately strong correlation between vitamin D level with low
BMD in thalassemia patients in North India (r = 0.398, p = 0.027). We could not
demonstrate association between Vitamin D deficiency condition as a risk factors for
osteoporosis. So there is question about screening vitamin D level in thalassemia
patients with osteoporosis. For further study , intervention with vitamin D supplement
to answer whether natural history changes in aspect of prevention for skeletal related

events arising from osteoporosis or not.
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CHAPTER VI

CONCLUSION

Regarding the high prevalence of osteoporosis in patients with thalassaemia
intermedia and minor, all these patients with risk factors should be screened
periodically for bone disease. The uncertainty and disagreements on the possible role
of different factors indicate the necessity of further studies in order to recognize the
pathophysiologic fundamentals of this common complication among these patients.
Proper therapy with iron chelation and It seems that there is a general consensus
regarding the protective effects of maintaining normal body weight for BMD.
However, vitamin D deficiency is not risk factor in patients with osteoporosis but
prevalence of vitamin D deficiency is still high, role of supplement is yet to be

identified by long term clinical study.
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Appendix A

Case Record Form

2.Date of visit ....../....../........

dd mm yyyy
3.Sex 1 Male 2 Female
4.Date of birth....../....../........

dd mm yyyy

s.3adaneglogiiy 1L.Agunn 2.99n3a0ue

7.ANTMITNEINT

Usziugunmdiunih@insneq) O
Usenudeny Usenudia [
$1319¥M3 minnusIamne iWnaudaia [

a9

01 ) TUTATEY s []

8.Type of Thalassemia........................ (report of Hb typing or HPLC in medical record)
___thalassemia intermedia

thalassemia minor

9.History taking
screening for delayed puberty................

for female age of menarche............. year

10.Have any of following medications within 3 months
_calcium

_vitamin D

_diuretics

_anticonvulsants(eg. phenytoin)
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_oral corticosteroid

_bisphosphonate

11.Immobilization more than 3 months ...YES ...No

12.Weight kgs Height cms

13.BMI

14.Hemoglobin level g/dl

15 ferritin level ng/dl

16.receiving iron chelation therapy  YES ____NO

-which type of iron chelation- ____desferrioxamin

____deferipone
____deferasirox

17.Physical activity level METs(metobolic equivalents)

18.blood transfusion  dependent  independent

19.splenectomy _ Yes __No
20.daily dietary calcium intake mg/day
21.outcome

BMD Z score
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(Global Physical Activity Questionnaire: GPAQ)
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Appendix E

Semiquantitative food frequency questionnaire for Calcium
(Thai version)17
3 days food record form

calcium food composition table for Thai food'’
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Appendix F : 3 day food record
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(dietary food record)

69

T 2

1R 11997915/t 78S drulsenau
9195

Usunausuuseniu

Calcium composition table in Thai food(17)



70

VITA

Personal data
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Education

1984-1990  Bunyawat wittayalai secondary school, Lampang, Thailand

1990-1996  Faculty of Medicine, Chulalongkorn hospital, Chulalongkorn
University, Bangkok, Thailand; MD

Postdoctoral training

1999-2002 Internal  medicine  residency, Chulalongkorn  hospital,
Chulalongkorn University, Bangkok, Thailand

2002-2004  Clinical Hematology Fellowship, Hematology unit, Department

of internal medicine, Pramongkutklao Hospital, Bangkok, Thailand

2004-2006  Medical Oncology Fellowship, Oncology Unit, Department of
internal medicine, Ramathibodi hospital, Bangkok, Thailand

Certification

1996 The Medical Council of Thailand License
2002 Thai Board of Internal Medicine Certificate
2003 Thai Board of Family medicine

2005 Thai Board of Adult Hematology Certification
2007 Thai Board of Clinical Oncology Certification
2011 Thai Board of Clinical Pathology Certification

Professional Organisation Membership
Royal College of Physician(Thailand)
TheThai Society of Hematology(TSH)
The Thai Society of Clinical Oncology(TSCO)
Thai Royal College of Family Medicine

Thai Royal College of Clinical Pathology
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