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ABSTRACT

OBJECTIVE: Osteopenia/osteoporosis of multi-factorial pathogenetic mechanism is reported
to be a significant cause of morbidity in adult patients with p-thalassaemia major. Even in
young patients, decreased Bone Mineral Density (BMD) values are a consistent finding in the
literature. This study was performed in order to assess BMD in children and young adults
with B-thalassaemia major, regularly transfused and sufficiently chelated, along with auxo-
logical, clinical and laboratory parameters. DESIGN: Thirty-five young thalassaemic patients
(19 F, 16 M, aged 5-20 yr) were studied. Lumbar BMD was assessed by dual X-ray absorpti-
ometry (DXA) and Z-scores were calculated according to bone density values using age- and
sex-matched normal population. None of the patients presented with clinical or laboratory
signs of endocrinopathy and none was receiving hormonal replacement therapy. RESULTS:
All BMD Z-scores were within normal range, with a mean Z-score of 0.42 for girls and -0.41
for boys (statistically significant gender difference, p=0.018). When correlated with age, a
decline in Z-scores was observed, indicating a delay in bone mass acquisition with advancing
age in the thalassaemic group compared to controls. CONCLUSIONS: Optimal conventional
treatment prevents the manifestation of osteopenia/osteoporosis during the first two decades
of life in patients with p-thalassaemia major. However, close surveillance with regular screen-
ing, preventive intervention and early management of possible endocrine complications are
essential in order to secure normal bone health during adulthood and improve quality of life
in the thalassaemic population.
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INTRODUCTION

[-thalassaemia major represents a heamoglobin-
opathy caused by a hereditary defect in the synthesis
of beta chain in adult haemoglobin, which results in
ineffective erythropoiesis and increased peripheral
haemolysis. Conventional management of -thalassae-
mia major requires regular blood transfusions in order
to maintain pre-transfused Haemoglobin (Hb) levels
between 9-10g/dl and adequate chelation therapy with
desferrioxamine, deferiprone or a combination of
these two drugs. In this way, bone deformations and
endocrine complications, particularly during child-
hood and adolescence, are prevented and normal
growth and puberty are ensured.

Osteoporosis is reported to be an important cause
of morbidity in adult patients with thalassaemia ma-
jor.! The pathogenesis of osteoporosis in thalassaemic
patients is multi-factorial: 1) Bone marrow expansion
due to ineffective erythropoiesis results in reduction
of trabecular bone tissue with additional cortical
thinning and increased distortion and fragility of the
bones;* 2) endocrine dysfunction consisting mainly
of hypogonadism and additionally hypothyroidism,
hypoparathyroidism, diabetes mellitus as well as an
impaired GH-IGF-I axis resulting in decreased bone
formation and increased bone resorption;* 3) iron
deposition plays a major role in the pathogenesis of
osteoporosis as it is the prime cause for endocrine
gland dysfunction; moreover, iron deposition directly
in the bone impairs osteoid maturation and inhibits
mineralization locally resulting in focal osteoma-
lakia;* 4) chelation therapy with desferrioxamine
is considered to inhibit DNA synthesis, osteoblast
and fibroblast proliferation, osteoblast precursor’s
differentiation and collagen formation, whereas
in high doses it enhances osteoblast apoptosis;® 5)
reduced physical activity as a result of the disease’s
complications and parental over-protectiveness in
children and adolescents with thalassaemia major
reduces optimal bone mineralization.

Our aim was to evaluate bone mineral density in
children and adolescents with (3-thalassaemia major
in relation to clinical, biochemical and hormonal
parameters.

SUBJECTS AND METHODS

Thirty-five children and young adults with -
thalassaemia major (19 females and 16 males) were
enrolled in this study. Ages ranged from 5 to 20 years
with a mean age of 12.7 years. All patients underwent
regular blood transfusions in order to maintain pre-
transfused Hb concentrations above 9g/dl. Chelation
therapy included desferrioxamine, deferiprone or a
combination of these two drugs.

Regarding auxological and pubertal status, all
patients were assessed by the same investigator (A.C.)
and Standard Deviation Scores (SDS) for height,
weight and Body Mass Index (BMI) were calculated
according to sex- and age-matched reference data
from the normal Greek population.® None of the
patients presented with any endocrine disorder or was
receiving any kind of hormonal replacement therapy.
Bone age was assessed from hand X-rays evaluated
twice by the same investigator (A.C.), using the RUS
(TW3) method.’

Mean bone mineral density of the lumbar vertebrae
(L2 — L4) was assessed by dual X-ray absorptiom-
etry technique (DXA) using Cronos® DMS® bone
densitometer (France). Results were expressed as
grams per centimeter squared (g/cm?), whilst Z-scores
were calculated based on BMD of normal age- and
sex-matched Caucasian population provided by the
manufacturer of the DXA device.

Serum IFG-I and IGFBP-3 levels were measured
by Immunoradiometric Assay (IRMA) using reagents
purchased from Diagnostic Systems Laboratories®,
Texas, USA. Sensitivity, intra-assay Coefficients of
Variation (CV) and inter-assay CV for IGF-I assay
were 0.03 ng/ml, 4.5-7.1% and 4.8-8.8%, respec-
tively, whereas for IGFBP-3 assay they were 0.04
ng/ml, 7.3-9.6% and 8.2-11.4%, respectively. Intact
Parathormone (PTH) and thyroid function (FT4,
FT3 and TSH) were evaluated using commercial
Radioimmunoassay (RIA) methods. Concentrations
of serum Calcium (Ca), Phosphate (P) and Alkaline
Phosphatase (ALP) were assessed by established
methodology. Serum ferritin concentrations were
measured every trimester during the past year using
a Microparticle Enzyme Immunoassay (MEIA), and
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mean ferritin value was calculated for each patient.

Normality of distribution of the studied parameters
was assessed with the One-Sample Komgorov-Smirnof
test. Normally distributed parameters were then com-
pared with Student’s t-test, whilst correlations between
studied parameters were assessed with Pearson’s r
function. A p value less than 0.05 was considered as
statistically significant. SPSS® for Windows ver.11.5.0
and Microsoft® Office Excel 2003 software programs
were employed for statistical analysis and graphical
demonstration.

RESULTS

Results regarding the auxological status of the
patients are shown in Figure 1 and are summarized
in Table 1. Fourteen out of the 19 females (74%)
and 11 out of the 16 males (69%) were shorter than
average. Mean height SD scores were -0.32 and -0.42,
respectively. By contrast, 16 out of the 19 females
(84%) and 11 out of the 16 males (69%) had BMI
values higher than the average. Mean BMI SD scores
were 0.61 and 0.8, respectively. Most of the patients
had delayed bone age (20/35, 57.1%) with an aver-
age SDS of -0.39, but only 5 of them had SDS less
than -2. None of the patients had any clinical sign
of endocrinopathy or presented with any kind of
pubertal disorder. Biochemical profile, intact PTH
concentrations and thyroid function tests were nor-
mal in every patient. IGF-I mean SDS for the girls
was -0.35+0.95, whereas mean SDS for the boys was
0.14=0.82. IGFBP-3 mean SDS for the girls was
-0.06=0.64, whereas for the boys it was -0.09=0.64.
Mean ferritin levels ranged from 242ug/L to 4706
ug/L with an average of 1393=804ug/L.
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Figure 1. SD scores of height, weight, Body Mass Index (BMI)
and Bone Age (BA) in girls and boys.

Table 1. Auxological data of thalassaemic patients.

Parameter Girls Boys Both sexes
(n=19) (n=16) (n=35)

Age

Mean=SD 12.78+4.07  12.75£3.37  12.78%3.71

Range 5-20.5 5.5-20 5-20.5

Height SDS

Mean=SD -0.32+0.82  -042=1.17  -0.36=0.97

Range 217-1.8 -2.66-1.88  -2.66-1.88

Weight SDS

Mean+SD 0.1=0.83 -0.04=1.14 0.02=0.97

Range -1.38-1.51 -2.0-1.95 -2.0-1.95

BMI SDS

Mean=SD 0.61x0.65 0.8=0.71 0.69=0.69

Range -1.63-248  -0.84-212  -1.63-2.48

Bone Age SDS

Mean+SD -0.28=142  -0.52=1.22  -0.39%x1.32

Range -292-278  -281-136  -2.92-2.78

All BMD results were within the normal range
(Figure 2). The mean lumbar BMD Z-score was
0.42x1.25 for the females, -0.410.95 for the males
(statistically significant difference between sexes;
p=0.034) and 0.04=1.19 for the entire group of pa-
tients. None of the patients was in the osteoporotic
range (Z-score <-2.5), whereas only 1 out of the 19
girls (5.26%) and 6 out of the 16 boys (37.5%) were
in the osteopenic range (-1> Z-score >-2.5). Mean
values and ranges of serum IGF-I and IGFBP-3
concentrations SDS, serum ferritin levels and lumbar
BMD SDS are presented in Table 2. When correlated
with age, lumbar BMD Z-scores showed a markedly
linear regression, (r=0.467, r*=0.218, p=0.05, Figure
3). No correlation was observed between lumbar
BMD and mean annual ferritin levels (r=0.242,
p=0.162, Figure 4), nor between lumbar BMD and
serum IGF-I (r=-0.109, p=0.532, Figure 5), whereas
a positive correlation was seen between lumbar BMD
and IGFBP-3 circulating concentrations (r=0.354,
p=0.037, Figure 5). Finally, no correlation was ob-
served between height SDS and lumbar BMD SDS
(r=0.264, p=0.126, Figure 6).

DISCUSSION

Bone deformities were assigned as a characteristic
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Figure 2. Mean lumbar Bone Mineral Density (BMD) plotted against normal values for age in girls and boys with p-thalassaemia.

Table 2. Levels of IGF-I, IGFBP-3, ferritin and BMD measurements
in thalassaemic patients.

Parameter Girls Boys P Total
(n=19) (n=16) (n=35)

IGF-1 SDS

Mean+SD -0.35£0.95 0.14%0.82 -0.13£0.91

Range 225-127 -162-181 1 225 181

IGFBP-3 SDS

Mean+SD -0.06x£0.64 -0.09%0.64 -0.08%0.63

Range -0.95-1.35 -095-1.17 0877 -0.95-1.35

Serum ferritin

(ng/L)

Mean=SD 1557929  1199+594 1393804

Range 627-4706 242-2633 0.177 242 - 4706

Lumbar BMD

SDS

Mean=SD 0.42+1.25 -0.41%=0.95 0.04=1.19

Range -1.17-38  -1.8-09 0034 -1.8-3.8

feature in thalassaemia by Coley and Lee in their
original description of the disease.® They were attri-
buted to marrow expansion and consequent reduction
of trabecular bone tissue and cortical thinning due
to increased but ineffective haemopoiesis. In recent
years, advances in transfusion management and
chelation therapy have achieved an improvement in
skeletal development and cosmetic bone appearance.
However, despite optimal conventional treatment and
lack of endocrine complications, low bone density is
still reported in thalassaemic patients.”"

There is controversy regarding the optimal method
for assessing bone mass in the paediatric population.
In this study, we assessed bone mineral density using
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Figure 3. Correlation of lumbar BMD Z-scores with age
(r=0.467, 1’=0.218, p=0.005).

5000
4500

£
o
[=]
[=]

3500
3000
2500 * .

- Ll

2000 -

1500 M

1000 R ICA R
.

Mean serum ferritin
concentrations (ug/L)

o
(=]
(=]

-4 2 0 2 4
Lumbar BMD SDS

Figure 4. Correlation of lumbar BMD SD scores with mean
serum ferritin concentrations (r=0.242, p=0.162).

DXA, which still remains the most commonly used
method. The advantages of this technique include
the relatively low radiation exposure, its worldwide
availability and the short duration of the procedure.
Its main disadvantage is the fact that, as DXA is a
2-dimensional measurement, results are correlated
to body and bone size, a factor which becomes more
important in the growing paediatric population. In
addition, significant differences among published
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Figure 5. Correlation of serum IGF-I SD scores, serum IGFBP-3 SD scores with lumbar Bone Mineral Density (BMD) SD scores

(r=-0.109, p=0.532 and r=0.354, p=0.037, respectively).
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Figure 6. Correlation of height SD scores with lumbar BMD
SD scores (r=0.264, p=0.126).

paediatric reference data results in inconsistencies
in the diagnosis of osteopenia among children with
chronic diseases.'? An indirect validation of normal
reference data used in our study was obtained by scan-
ning the normal paediatric population (data are not
shown). Quantitative Computed Tomography (QCT)
is a relatively new 3-dimensional method which as-
sesses cortical and trabecular bone separately. Its main
disadvantage is the high radiation doses and the lack
of normative paediatric reference database, as it is
considered unethical to scan the healthy population.'®
A study performed by Mylona et al compared these
two methods in 48 patients with f-thalassaemia and
the overall prevalence of osteoporosis was 44% with
DXA but only 6% with QCT.! Finally, Quantitative
UltraSonography (QUS) is a radiation-free alterna-
tive but still needs further research to improve the
technique and prove its reliability."

We limited the evaluation of bone mineral density
in the lumbar vertebrae of thalassaemic patients. The

lumbar spine, consisting mainly of trabecular bone,
is mostly affected by bone marrow expansion due to
increased and ineffective haemopoiesis occurring in
patients with p-thalassaemia. In addition, as axial
BMD increases more rapidly than peripheral BMD
during puberty,'® pubertal disorders, frequently re-
ported in thalassaemic patients, affect the lumbar
spine to a higher degree than other sites. In a study
performed by Mahachoklertwattana et al, BMD was
evaluated in several sites in thalassaemic patients."”
Lumbar spine values were the lower ones, particularly
in transfusion-dependent patients.

Of particular interest, although unexplained, were
the statistically significant lower lumbar BMD values
measured in the boys compared to the girls (Figure
2, Table 2). Moreover, this gender difference was
more prominent in pubertal subjects participating
in this study. Similar results regarding gender dif-
ference were reported in a study by Jansen et al.!!
However, in that study, osteopenia/osteoporosis as
well as pubertal disorders/hypogonadism had greater
incidence. In our population, none was receiving
hormonal replacement therapy and all pubertal pa-
tients have entered puberty spontaneously, whereas
none of the pre-pubertal subjects was older than 10
years of age. Although delayed or arrested puberty
is no longer seen in optimally treated thalassaemic
patients, hypogonadism, a well-recognized cause of
osteopenia/osteoporosis, remains the most common
endocrinopathy.’ In a study performed in 67 Greek
thalassaemic patients, a significant prevalence of low
bone mass density was found, especially in patients
presenting with hypogonadism.” A 4-year follow-
up study of 50 patients confirmed the increased



Bone Mineral Density in children and adolescents with B-thalassaemia major

339

prevalence of osteoporosis/osteopenia among the
thalassaemic population but also indicated an im-
provement in bone mass in patients receiving sex
steroid replacement therapy.”

Many studies have shown that although conven-
tional therapy allows children to grow normally during
the first decade of life, growth retardation is observed
in a significant proportion during adolescence.”*
These findings are consistent with our results, as mean
height SDS were lower than the average of the sex and
age-matched normal population (Figure 1). As DXA
measurements are influenced by bone size, the small
stature observed in the thalassaemic population has
been postulated as contributing to decreased BMD.%
However, advanced paediatric software adjusted to
auxological parameters can overcome this obsta-
cle. The role of locally expressed IGF-I as a potent
stimulator of bone mineralization and growth has
been described extensively in the literature.? In 28
optimally treated adults with thalassaemia studied by
Lasco et al in 2002, decreased BMD was correlated to
low IGF-I and IGFBP-3 circulating concentrations.?”
In our study, IGF-I and IGFBP-3 concentrations were
not markedly decreased, indicating that adequate
chelation therapy can preserve sufficient function of
the GH-IGF-1axis and normal liver function, at least
during the first two decades of life. An interesting study
by Soliman et al compared 30 pre-pubertal children
with B-thalassaemia with 15 children with constitu-
tional short stature and pubertal delay. BMD values
as well as IGF- I and IGFBP-3 serum concentrations
were significantly lower in the thalassaemic group,*
indicating that delayed puberty and short stature
alone could not explain low BMD in thalassaemic
populations. In recent studies, scientific interest has
been focused on genetic factors affecting bone mass
acquisition.”*" Although certain genes have been
implicated in the pathogenesis of postmenopausal
osteoporosis, they have not been studied thoroughly in
thalassemia-induced osteoporosis. Wonke et al studied
the Sp1 site of the collagen type Ial (COLIA 1) gene
and found that approximately 30% of thalassaemic
patients were heterozygotes (Ss), whereas 4% were
homozygotes (SS).*

Studies referring to desferrioxamine-induced
bone dysplasia in thalassaemic patients have been
reported in the literature since the early 1990s.3>%

In a recent paper by Chan et al, radiographs of 41
children with homozygous 3-thalassaemia were ret-
rospectively reviewed. The radiographic findings
showed an increased prevalence of thinned meta-
carpal cortices which, according to the authors, was
due to desferrioxamine-induced bone dysplasia.*
In addition, desferrioxamine’s possible interference
with metals such as zinc or calcium may influence
normal bone acquisition. During the last 5 years, a
combination of desferrioxamine and deferiprone is
mainly used as chelation therapy in our patients. This
not only provides better synergistic chelation effects
and enhances compliance but also reduces the dose-
dependent toxic effects of desferrioxamine.

Despite limitations of our study related to the
limited number of patients and the lack of a paralel
control group, our study is, to our knowledge, the first
in the literature that shows normal BMD values in
children with homozygous 3-thalassaemia, regularly
transfused and adequately chelated. Regression of
marrow expansion due to regular transfusions, preven-
tion of endocrine complications resulting in normal
growth and pubertal development and reduction of
desferrioxamine toxicity are the major contributors
to this effect. In this way, low bone mineral density
is not observed at least for the first two decades of
life in patients with -thalassaemia major. However,
as thalassaemic patients are in greater risk of devel-
oping predisposing factors for osteoporosis, close
surveillance and preventive intervention are essential.
Regular screening and proper management of possible
endocrine complications can possibly secure normal
bone health, an extremely important consideration as
life prolongation is nowadays an important achieve-
ment in patients with thalassaemia.
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