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Multifactorial Elements Affecting Bone Mineral Status and Growth
in Children with Thalassemia Major

E. K. El-Adham

Radioisotopes Department, Nuclear Research Center, Atomic Energy Authority, Egypt

O DETERMINE the association between adipokynes such as leptin, and ghrelin,

antioxidants as superoxide dismutase (SOD) and glutathione peroxidase(GSH
Px) and iron overload and their effects on growth and on bone mineral density in
patients with thalassemia major.Thirty patients and 30 healthy age and sex matched
controls from the Hematology Clinic at Children Hospital, Cairo University. The
range of age in both cases and the controls was 5-15 years, regarding as for sex in
controls, there were 18 males (60%) and 12 females (40%) and in cases there were
21 males (70%) and 9 females (30%). All patients were receiving iron chelating
agents either desferal or kelfer. Clinical examination and the anthropometric
measurements were done in all subjects. Bone mineral density was assessed using
dual-energy x-ray absorptiometry (DXA) machine on lumbar spine expressed in Z
Score. Laboratory investigations, including SOD and GSH- Px, ferritin, leptin and
ghrelin. The study showed that there was a significant difference between cases and
controls regarding Body mass index (BMI), leptin, ghrelin, bone mineral density
(BMD), super oxide dismutase (SOD) and glutathione peroxidase with p- values
0.003, <0.001, <0.001, <0.001, <0.001 respectively. Regarding the cases, there
was no significant difference between cases on desferal (n=12) and cases on kelfer
(n=18) except for leptin, which was higher in cases on kelfer than those on desferal
with a p- value was 0.042. Regarding correlations there was a positive correlation
between leptin, BMI, BMD and glutathione peroxidase. Ghrelin showed a positive
correlation with BMI, BMD, SOD and glutathione peroxidase. Leptin/Ghrelin
ratio showed a negative correlation with SOD, BMI showed a positive correlation
with SOD, Glutathione peroxidase, and ferritin showed negative correlation with
bone mineral density. This study confirmed that the adipocytes of beta thalassemic
patients are unable to maintain adequate leptin production. These results suggest
that the adipose tissue dysfunction may be one of the endocrinopathies together with
ghrelin deficiency, antioxidant deficiency certainly affect growth and bone mineral
status in Beta thalassemic children.
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Introduction

Thalassemia is the most prevalent hereditary
disorder in the Mediterranean, African and
Southeast Asian populations (Giardina ef al.,
2008).

The genetic defect is caused most
commonly by a mutation creating an
abnormal splicing site or a mutation creating
a premature translation termination codon.
The manifestations of the disease usually
appear at six months of age when a complete
switch from fetal to adult hemoglobin
synthesis occurs.
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The prognosis of patients with
thalassemia major is highly dependent on the
patient’s adherence to a long-term treatment
program, namely hyper-transfusion program
and lifelong iron chelation. Allogenic bone
marrow transplantation may be curative
(Kgriakou et al., 2010).

The major causes of morbidity and
mortality in beta thalassemia are anemia
and iron overload. The severe anemia
resulting from this disease if untreated, can
result in high output cardiac failure, the
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intramedullary erythroid expansion which
may result in associated skeletal changes
such as cortical bone thinning.

Increased iron deposition, resulting
from lifelong transfusion and enhanced
iron absorption, results in a secondary iron
overload. This overload causes clinical
problems such as endocrine dysfunction,
liver dysfunction, and cardiac dysfunction,
however, these morbidities were markedly
improved by regular transfusion and
chelation therapy (Al-Naama ef al., 2016).

Leptin is the human obese (OB) gene
product secreted by adipocytes specialized in
storing energy as fat and has a direct relation
with the weight gain and energy expenditure.
It is regulated by glucocorticoids, thyroid
and insulin (Smith et al., 2002).

The hormone plays a role in the regulation
of hematopoiesis and improves growth as
well as it plays a role in inflammation and
angiogenesis (Akhter et al., 2007).

Ghrelin is an endogenous ligand of the
growth hormone and it plays a role in the
regulation of endocrinal function as well as
reproduction and growth (Tena et al., 2005).

Osteopenia or osteoporosis are considered
of major morbidities in thalassemia.

This may be multifactorial either due
to decreased bone formation or increased
turnover (Pollack et al., 2000 ; Christoforidis
et al., 2009).

Increased lipid peroxidation in the
membrane of the red blood cells( RBCS) of
thalaessmic patients with the increase in the
malonyldehyde can cross-link phospholipids
and proteins and alter lipid organization
in the bilayer leading to oxidative stress
(Voskou et al., 2015).

This study aims to evaluate the effect
of leptin, ghrelin, oxidative distress and
changes in bone mineral density on the
growth of thalassemic patients.

Patients and Methods

Subjects

The study is a case-control study which
comprises 30 children aged from 10-11
years with thalassemia major and attending
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the Hematology Clinic at the Children’s
Hospital, Cairo University for follow up and
30 healthy age and sex matched controls.
ilnformed verbal consents were taken from
all patients of in the study.

All patients were subjected to:

Questionnaires
All subjects were subjected to full history

taking, including onset, course and duration

of the disease.

-The incidence of complication as delayed
puberty, hemolytic crisis, cardiac symptoms
and bony complications including bony pains
and repeated fractures.

-Therapeutic regimen including frequency of
transfusion type of chelation therapy and
compliance.

Anthropometric Measurements
Anthropometric assessment of body

weight, height and body mass index (BMI)

was calculated as weight/height?® (kg/m?).

Dual energy X-ray Absorptiometry
(DXA) Bone mineral density (BMD) g/
cm? was done on lumbar spine using DXA
machine (DXA, Norland Bone Densitometer
soft version: 3,9, 617 Aug01).

Laboratory Investigations
-Serum leptin was measured using leptin
RIA CT Diasource Belgium (KIPMR44).

-Serum Ghrelin using DIA source Belgium
KIPMR 90 Ghrelin kit 100 tests by RIA.

-Serum ferritin was assayed as described by
Marcus and Zinber (1975) using RIA.

Antioxidants

-Superoxide dismutase (SOD) in plasma
was determined using an enzyme linked
immunosorbent assay (ELISA) by Czapski
and Goldstein (1991).

-Glutathione peroxidase ELISA Kit was derived
from Abcam (ab193767); USA.

Bone Densitometry

BMD was measured for the lumber spine
using the dual energy X ray absorptiometry
(QDR-4500 W, Hologic BedFord MA,
USA) expressed in the form of Z score at
the out patients’ clinic of the Institute of
postgraduate childhood studies, Ain Shams
University, Cairo, Egypt.
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Statistical Analysis

Data were collected and analyzed with SPSS
20. Descriptive statistics are shown in frequency
tables and for inferential statistics, independent
t-tests, Analysis of variance (ANOVA), Z score
for BMD, Pearson correlation, and P < 0.05 was
considered significant level.

Results

Table 1 shows a comparison between cases
and controls with a significant difference between
them regarding BMI. leptin, ghrelin, BMD, SOD,
Glutathione peroxidase.

Table (2) shows a comparison between
cases on kelfer and those on desferal
regarding laboratory findings with a
significant difference in leptin and ferritin

In addition, there was a significant correlation
between the leptin serum level, body mass

TABLE 1. Comparison between cases and controls .

index (BMI), BMD and glutathione peroxidase
in patients with major beta thalassemia
(P value=0.030 and 0.001 respectively)
(Fig.1A-D). Moreover, there was a significant
relationship found between ghrelin serum level,
BMI, BMD, SOD and glutathione peroxidase
in patients with major beta thalassemia (Fig.
1 E-G). Figs. H & 1 showed a significant
correlation between leptin/Ghrelin ratio and
BMD & BMI (P=0.001 & 0.023 respectively).

Negative correlations were reported between
ferritin and BMD and also between ferritin and
serum leptin both with a P value<0.001 as shown
in Figs. J and K respectively.

Ferritin also had a negative correlation with
serum glutathione peroxidase SOD with a P-
value 0.505 and with SOD with a P- value 0.405
shown in Figures (L and M).

Group Number of cases Mean SD p value

Controls 30 11 1-9 0.102
Age Cases 30 10 2-9

Controls 30 18.61 2.51 0.003"
BMI (kg/m?) Cases 30 16.09 3.72

Controls 30 3.23 0.783 <0.001"
Leptin (ng/ml) Cases 30 2.34 0.872

Controls 30 336.8 23.51 <0.001"
Ghrelin (pg/ml) Cases 30 293.8 18.04

ql5 30 -0.687 0.594 0.001"

BMD Z score Cases 30 -1.893 1.70

Controls 30 50.28 6.32 <0.001"
SOD (U/ml) Cases 30 42.47 6.55

Controls 30 44.47 2.88 <0.001"
Glutathione Peroxidase (ng/ml) Cases 30 37.30 231

Data are described in mean £SD; * statistically significant difference

TABLE 2. Comparison between cases on kelfer and those on desferal.

Treatment Number of cases  Mean SD pvalue

i Desteral 12 16.11 1.54

BMI (kg/m?) Kelfer 18 16.08 4.70 0977
Desferal 12 1.95 0.66

Leptin (ng/ml) Kelfer 18 2.61 091 0042
- Desferal 12 290.8 16.4

Ghrelin (pg/ml) Kelfer 18 295.8 19.3 0.467
2 Desferal 12 -1.808 0.64

BMD (gm/cm?) Kelfer 18 -1.950 2.15 0827

N Desferal 12 2493 2228 .

Ferritin (ng/ml) Kelfer 18 958.7 824 0.040
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(Discussion

Thalassemia is one of the major health
problems, especially in the developing
countries. Recently, the survival of
thalassemics increases and the prevalence of
complications due to iron overload and other
morbidities also increases (Cappellini ef al.,
2010).

In this study leptin and ghrelin were
significantly lower in thalassemic patients
than the control p<0.001. In addition, there
was a direct correlation between BMI and
Leptin with a P- value <0.001 and direct
relation between leptin and bone mineral

Egypt. J. Rad. Sci. Applic., Vol. 30, No.1(2017)

and serum SO

U/ml) among cases (p = 0.405).

density with a P value <0.001 and between
leptin and glutathione peroxidase with a
P-value <0.001.

These findings are similar to those
reported by kashanian et al., (2009)
who reported decreased leptin in beta-
thalassemic patients and it was reported to
decreased leptin/ghrelin ratio in thalassemic
females than those of the control. In this
study, the lower values of leptin and ghrelin
were considered a part of the hormonal
imbalance, which may contribute to the
phenotype of impaired growth and sexual
maturation encountered in these patients.
Body mass index of thalassemic patients in
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these studies was less than the controls and
similar finding was reported in this study
(Kashanian et al., 2010).

The low serum leptin levels in
thalassemic may be multifactorial either
due to iron toxicity or hypogonadism.
Iron overload, resulting from multiple
transfusion in thalassemics causes toxicity
to the adipocytes decreasing their activity
causing decreased serum leptin and altering
the physiological role of leptin in sexual
maturation and fertility (Elias ef al., 2013).

The present finding shows that ghrelin
hormone in  thalassemics  decreased
significantly = compared to the controls.
Gonadal expression of acetylated ghrelin
receptors in the gonadal cells showed that
ghrelin could inhibit Gonadotropin-releasing
hormone

(GnRh) pulse activity and GnRh
secretion leading to impaired growth and
hypogonadism (Fernandez et al., 2005).

In this study, there was a significant
difference in bone mineral density in
thalassemics compared to the controls.
These results are similar to those obtained
by Somnuek et al., (2003). Somnueck et
al., (2003) also reported that a significant
decrease in serum 25-hydroxyvitamin D
[25(OH)D] and decreased serum insulin like
growth factor 1(IGF-1). These hormones were
proven to stimulate skeletal growth velocity
by cell proliferation, and differentiation.
The decrease of IGF-1 together with iron
toxicity may be the most acceptable cause
of decreased bone mineral density and
osteoporosis (Perrottas et al., 2000).

There was a positive correlation between
leptin and BMI and, between leptin and BMD.
These findings are similar to those reported by
Shams et al., (2006). They showed a significant
positive correlation between leptin and both BMI
and BMD in healthy individuals. The results were
explained by the fact that leptin may promote
bone growth as it has angiogenic character and
osteogenic influence on cortical bone. It increases
bone growth, and inhibits the bone remodeling to
make a balance between bone formation and bone
turnover (Shams et al., 2006). In a study done by
Shahramian et al., (2013) about serum leptin
concentrations in thalassemia major, it was

proven that there was a significant difference
regarding leptin concentrations in patients
with thalassemia major and the controls. In
addition, there was an inverse correlation
between serum level of ferritin and leptin
with a P-Value<0.05 (Shahramain et al.,
2013). Similarly, in the present study there
was an inverse correlation between serum
levels of leptin and ferritin in thalassemics
with a P<0.01.

This could be explained by the fact that
the body is unable to produce leptin due
to the toxic effect of iron overload besides
leptin secretion affected by other hormones
as insulin and thyroid hormones whose
production is decreased in thalassemics, due
to iron deposition in thyroid and pancreas
(Guzelbey et al., 2016).

In this study, there was a significant
decrease in bone mineral density (BMD)
in thalassemics compared to the controls.
These results are similar to those reported
by Rafsanjani et al., (2009).

In 2005, a study was conducted on patients
with thalassemia major and intermedia by
Karimi et al., (2005). This study proved to
decreased BMD in thalassemics compared to
the controls, and that there was a positive
correlation between hemoglobin levels and
BMD. Decreased BMD and osteoporosis
may be reflection of endocrine abnormalities
in thalassemia secondary to iron overload
and iron toxicity (Karimi et al., 2011).

Some studies reported that the central
action of leptin was proposed to target
osteoblasts and not osteoblasts. This
is because these authors found normal
osteoblast function in the absence of leptin
signaling. Other in vitro studies suggested a
direct positive effect of leptin on osteoblast
differentiation (Elefteriou et al., 2005).

In another study done by Turner et al.,
(2013) it was proven that leptin enhanced
both bone formation and bone resorption
and this happens primarily via peripheral
pathways (Turner et al., 2013).

In the current study, a negative correlation
was reported between BMD and ferritin with
a P<0.001 , and ferritin was significantly
lower in patients on desferral than those
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on kelfer. These results are similar to those
obtained by voskaridou et al. (2004), and
to the results of the study done by Olivier
(1992).

In the present study, serum ferritin levels were
found to have a negative correlation with SOD
and glutathion peroxidase. On the other hand,
another study on children observed no correlation
between serum ferritin and anti-oxidant capacity
(Voskou et al., 2015; Ally et al., 2016).

Oxidative stress 1is defined as an
imbalance between antioxidant formation
and formation of reactive oxygen species
(ROS) (Birben et al., 2012).

Oxidative stress leads to increasing
formation of reactive oxygen species such
as superoxide anions, hydrogen peroxide
and hydroxyl radicals leading to excessive
peroxidation of lipids and proteins (Rao et
al., 2007).

Formation of ROS  helps in the
development of osteoporosis (Xie et al.,
2011). ROS formed by the osteoclasts helps
in the destruction of calcified tissues and
bone remodeling only under physiological
conditions (Xie et al.,, 2011), but under
pathological conditions ROS damages
tissues via lipid peroxidation leading to
formation of malodialdehyde (MDA) which
is a marker of osteoclastic activity (Sandukji
etal.,2011).

The decreased activity of superoxide
dismutase (SOD) and GSH-P, lead to
increase production of superoxide radicals
by osteoclasts represented by an increased
level of MDA in the serum (Birben et al.,
2012).

Osteoporosis can be mediated through the
production of ROS and the decreased levels
of superoxide dismutase (SOD) and catalase,
glutathione peroxidase (Smietana et al.,
2010). Therefore, oxidative distress and
decreased antioxidants reported in this study
may be a contributing factor to osteoporosis
and this explains the negative correlation
between SOD, glutathione peroxidase and
bone mineral density (BMD).

In this study ferritin was significantly
higher in patients on Desferal than in those
on kelfer which indicates that kelfer is a
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better chelator. These results are similar to
those obtained by Delea, et al. in 2007 who
proved that the compliance of Desferal is
worse than that of kelfer (Delea et al., 2007).

Conclusion

1-Monitoring of iron overload and proper
chelation therapy are mandatory to
improve growth and development of
thalassemics especially with the increased
survival .

2-The adipose tissue of thalassemic children
is unable to maintain adequate leptin
production .

3-Adipose tissue dysfunction as well as
ghrelin deficiency and oxidative distress
certainly affect growth and bone mineral
status in thalassemics .

4-Regularmonitoringof BMD inthalassemics
is required for early diagnosis of
osteopenia and osteoporosis .5-Addition
of Antioxidants and other track elements
as calcium in the therapeutic regimen is
recommended.

Acknowledgments: The author wishes to
express her deep gratitude for Dr Khaled M.
Salama, Professor of Pediatrics, Faculty of
Medicine — Cairo University for his support
in selection of cases and scientific guidance.

References

Akhter, N., Johnson, B.W., Crane, C.,
Iruthayanathan, M., Zhou, Y.H., Kudo, A.
and Childs, G.V. (2007) Anterior Pituitary
Leptin Expression Changes in Different
Reproductive States: Stimulation, In Vitro, by
Gonadotropin Releasing Hormone (GnRH). J.
Histochem. Cytochem.55, 151.

Ally, S.S., Fayed, H.M, Ahmed, S.S., Abdella, A.H.,
Tamam, A.A.E. and Mohmmed, N.A. Effects of
oral iron (ferrous versus ferric) supplementation on
oxidative stress and antioxidant status in pregnant
women with iron deficiency: controlled trial. Egypt
J Haematol. 2016; 41 :31-41.

Al-Naama, L.M., Hassan, M. K., and Abdul Karim,
M.M. (2016) Evaluation of serum leptin levels
and growth in patients with B-thalassaemia major.
Anemia , ID 8454286, 7 pages.

Birben, E., Sahiner, U. M., Sackesen, C., Erzurum, S.,
and Kalayci, O. (2012) Oxidative Stress and Antioxidant
Defense. World Allergy Organ J. 5(1): 9-19.

Cappellini, M.D., Motta, 1., Musallam, K.M.,



MULTIFACTORIAL ELEMENTS AFFECTING BONE MINERAL STATUS 31

Taher, A.T. (2010) Redefining thalassemia as a
hypercoagulable state. Ann NY Acad Sci 1202:
231-236.

Christoforidis, A., Perifanis, V., Papadopoulou, E.,
Dimitriadou, M., Kazantzidou, E., Vlachaki, E.
and Tsatra, 1. (2009) Poor correlations between
measurements of bone quality by quantitative
ultrasound sonography and dual energy X-ray
absorptiometry in patients with p-thalassaemia
major. Eur. J. Hematol., 82, 15.

Guzelbey, T., Gurses, B., Ozturk, E., Ozveren, O.,
Sarsilmaz, A. and Karasu, E. (2016) Evaluation
of Iron Deposition in the Adrenal Glands of B
Thalassemia Major Patients Using 3-Tesla MRI.
Iran J Radiol. 2016 Jul; 13(3): €36375.

Czapski, G, and Goldstein, S. (1991) Requirements
for SOD mimics operating in vitro to work also in
vivo, Free Rad. Comms. 12-13, 167-171.

Delea, T.E., Edelsberg, J., Sofrygin, O., Thomas,
S.K., Baladim, J.F., Phatak, P.D. and Coates, T.D.
(2007) Consequences and costs of noncompliance
with iron chelation therapy in patients with
transfusion-dependent thalassemia: a literature
review.. Transfusion 47, 1919.

Dresner Pollack, R., Rachmilewitz, E.,
Blumenfeld, A., Idelson, M. and Goldfarb,
A.W. (2000) Bone mineral metabolism in
adults with beta-thalassaemia major and
intermedia. Br. J. Haematol. 111, 902.

Elefteriou, F., Ahn, J.D., Takeda, S., Starbuck, M.,
Yang, X., Liu, X., Kondo, H., Richards, W.G.,
Bannon, T.W., Noda, M., Clement, K., Vaisse, C.
and Karsenty, G. (2005) Leptin regulation of bone
resorption by the sympathetic nervous system and
CART. Nature 434, 514.

Elias, C.F. and Purohit, D. (2013) Leptin
signaling and circuits in puberty and fertility.
Cell. Mol. Life Sci. 70, 841.

Fernandez-Fernandez, R., Tena-Sempere, M.,
Navarro, V.M., Barreiro, M.L., Castellano,
J.M., Aguilar, E. and Pinilla, L. (2005) Effects of
ghrelin upon gonadotropin-releasing hormone and
gonadotropin secretion in adult female rats: in vivo
and in vitro studies. Neuroendocrinology 82, 245.

Friedman, A.W. (2006) Important determinants
of bone strength; beyond bone mineral
density. J. Clin. Rheumatol. 12, 70.

Gabrielsen, J.S., Gao, Y., Simcox, J.A., Huang,
J., Thorup, D., Jones, D., Cooksey, R.C.,
Gabrielsen, D., Adams, T.D., Hunt, S.C.,
Hopkins, P.N., Cefalu, W.T. and McClain, D.A.
(2012) Adipocyte iron regulates adiponectin and
insulin sensitivity. J. Clin. Invest. 122, 3529.

Giardina, P.J., Forget, B.G. (2008) Thalassemia
syndromes. In: Hoffman R et al, eds.
Hematology: Basic Principles and Practice. 5
ed. Philadelphia, PA: Churchill Livingstone,
pp- 535-563.

Karami H, Kosarian M, Kowsarian S.A.SH,
Mahdavi M.R, Daneshmandi, Z. and Khademloo
M. (2011) The Relationship Between developing
thalassemia major & Dysfunction of pancreatic
Endocrin&Exocrine. J. Mazand Univ. Med. Sci.
21(83):2-7.

Kashanian, M, Fekrat, M, Masoomi, Z & Sheikh
Ansari, N (2010) Comparison of active and
expectant management on the duration of the 3rd
stage of labour and the amount of blood loss during
the third and fourth stages of labour: A randomised
controlled trial’, Midwifery, 26 (2): 241-245.

Kyriakou, C., Canals, C., Sibon, D., Cahn, J.Y.,
Kazmi, M., Arcese, W. (2010) High-dose therapy
and autologous stem-cell transplantation in
Waldenstrom macroglobulinemia: the Lymphoma
Working Party of the European Group for Blood
and Marrow Transplantation. J. Clin. Oncol. 2010;
28:2227-2232.

Marcus, D. M., and Zinberg, N. (1975) Measurement
of serum ferritin by radioimmunoassay: Results in
normal individuals and patients with breast cancer.
Journal of the National Cancer Institute, 55, 791-
795.

Moayeri, H. and Oloomi, Z. (2006) Prevalence
of growth and puberty failure with respect to
growth hormone and gonadotropins secretion
in beta-thalassemia major. Arch. Iran Med. 9,
329.

Olivieri, N.F., Koren, G., Harris, J.(1992) Growth
failure and bony changes induced by deferoxamine.
American Journal of Pediatric Hematology
Oncology, 14:48-56.

Perrotta, S., Cappellini, M.D., Bertoldo, F.,,
Servedio, V., Iolascon, G., D’Agruma, L.,
Gasparini, P., Siciliani, M.C. and Iolascon, A.
(2000) Osteoporosis in beta-thalassaemia major
patients: analysis of the genetic background. Br. J.
Haematol. 111, 461.

Pollack D. , Rachmilewitz, E., Blumenfeld,
A., Idelson, M. and Goldfarb, A.W. (2000)
Bone mineral metabolism in adults with beta-
thalassaemia major and intermedia. Br. J.
Haematol. 111, 902.

Rafsanjani K. A., Azar, M R., Shoolami, L. Z..,
Vossough P., Modarres A., Taheri, N. (2009)
Intermedia, Correlation with Biochemical and
Hormonal Profiles. Iranian Journal of Blood and
Cancer 1(4): 121-127.

Egypt. J. Rad. Sci. Applic., Vol. 30, No.1(2017)



32

E. K. EL-ADHAM

Rao, L.G., Mackinnon, E.S., Josse, R.G.,
Murray, T.M., Strauss, A. and Rao, A.V.
(2007) Lycopene consumption decreases
oxidative stress and bone resorption markers
in postmenopausal women. Osteoporosis Jnt.
18, 109.

Sandukji, A., Al-Sawaf, H., Mohamadin, A.,
Alrashidi, Y. and Sheweita, S.A. (2011)
Oxidative stress and bone markers in plasma
of patients with long-bone fixative surgery:
role of antioxidants. Hum. Exp. Toxicol. 30,
435.

Shahramian, I., Noori, N.M., Ramezani,
A.A., Sharafi, E. and Akhlaghi, E (2013)
Correlation between serum leptin level and
thyroid hormones in children with major
beta-thalassemia. [ran J. Ped. Hematol.
Oncol. 3, 149.

Shams M, Homayouni K, Hamidi A, Sadegholvad
A, Omrani GR. (2006) Leptin and bone mineral
density in healthy postmenopausal iranian women:
a populationbased study. /nt. J. Endocrinol. Metab.
4:70 -77.

Smietana, M.J., Arruda, E.M., Faulkner,
J.A., Brooks, S.V. and Larkin, L.M. (2010)
Reactive oxygen species on bone mineral
density and mechanics in Cu,Zn superoxide
dismutase (Sodl) knockout mice. Biochem.
Biophys. Res. Commun. 403, 149.

Smith, G.D., Jackson, L.M. and Foster, D.L.
(2002) Leptin regulation of reproductive
function and fertility Theriogenology 57, 73.

Somnuek, D., Vorachai, S., Angchaisuksiri, P.,
Stitchantrakul W., chavasak Kanokkantapong,
C., and Rajatanavin, R. (2003) Abnormalities
in Bone Mineral Density and Bone Histology
in Thalassemia. Journal of Bone and Mineral
Research

Tena-Sempere, M. (2005) Exploring the role
of ghrelin as novel regulator of gonadal
function. Growth Horm. IGF Res. 15, 83.

Turner, R.T., Kalra, S.P., Wong, C.P., Philbrick,
K.A., Lindenmaier, L.B., Boghossian, S.
and Iwaniec, U.T. (2013) Peripheral leptin
regulates bone formation. J. Bone Miner. Res.
28, 22.

Voskaridou, E., Douskou, M. and Terpos, E. (2004)
Magnetic reonance imaging in the evaluating of
iron overload in patients with beta- thalassemia and
sickle cell disease. British Journal of Haematology,
126, 736-742.

Egypt. J. Rad. Sci. Applic., Vol. 30, No.1(2017)

Voskou, S., Aslan, M., Fanis, P., Phylactides
, M. and Kleanthous, M (2015) Oxidative
stress in P-thalassaemia and sickle cell
disease. Redox Biology, 6,226-239.

Xie, F., Zhao, M.F., Li, Y.M., Zhu, H.B.,
Jiang, Y., Xu, X.N., Xiao, X., Mu, J., Liu,
P.J. and Lii, H.R. (2011) In vitro effect of
iron overload on bone marrow cell function
by inducing the reactive oxygen species.
Zhonghua Xue Ye Xue Za Zhi. 32, 606.

(Received 31/1/2017;
accepted 8/5/2017)



MULTIFACTORIAL ELEMENTS AFFECTING BONE MINERAL STATUS 33

wbadl JibY gy Al ABES Ala Lo S A Jalgd) Bl palid
O] JibYI gag o &ﬁyw&ﬂuﬁ‘ﬁm

Al a8
s - g1 ) i i) il

s Jie 32y Gilabian s ol e 5 el Jie 33 g G b Y aass ) dalall sda Caags
ey 28l (SOD) sl allaall 4S5 saill e o il 250 sasdly Sl pm o slslall
S LapDAl) am e,

Ao senall go G Cuinlly eall Cum elana) (el i (D5 Liay je GG Al ) 038 8 Caeddii
aall) Gillall B 6 jeedl Jaee OS5 5800 daala (JUlaD aall (ol yal ddie (e ddaglial)
G VY 5 (ZT0) 583 VA Sl oIS dadliall de genl) 8 Guially (3lahy L 4 Y 0-0( Layl sl
Jalse (sl ) m yall aen (0S5 (7 7+ ) Gl A 5 (7Y 0) oS3 YY) llia IS s i (760
pail & Al 5l aalna (8 4 ) LAl 5 (g 5 pual) Ganidl) e gl AL s Ll sl Gla
G 5 Sl 5 S el e el ) U Al 2adY) Galatl) Gulie aladiuly alaal) d86S
e e 7, e 3l pign dld i Ly dlenall Cla gadll (SOD) ¢l sy 0 50 slall 5

Clipe s ol e,

el ABS 3 5a Aleial) Loyl gaiall g A pal) SV (s (5 siee (58 2 s A jall il < el
DS som Oslsla 5 G U spansall 5 allaall AES 5 oy p2 5 Gl g (v, 0 0 1) 4lad (5 gina palfiy
bl culS Sl VA G (5 sine (58 Alia (K5 ol «VIL Gl Lash vy 00 ) e ST g sina iy
el cls Al ol sliuly (VA = apaae) LS et culS 3l ¥l (VY = aasae) JI st
(000 £Y) Ay gimal) Al S a1 iy calalad ) @l &l jalS bt S 3l oY)
O 586 slall 5 alaall QUGS canall A S850 ol G (o) D)) lia (IS el )WL (3laty La
¢ spannd 3T 1 gas cannl) RS 50 5 Gl sl o L) Unlii ) llin of il o pelal 5lam 5
2T rms 5 Gl s / Ol A G Laabes Unlii ) llin () il & pedal LS 3l 5y 5l
O slall ¢l spans 2uST g ge pmanll ABS S dnlag) A83e dllia QIS A 5 ¢l span
AUaall BEES 5 it il Apalas ABe 3 a5 i) el 5 ¢ a5y
S sy cplll ) e 3508y Ui LiarsDB (aa ye o daiaall LA G il jall o3 s
e ciin ) Lin placall saadl Y3Ne ) (e 3as) 5 )65 38 dpiaal) Aail) JIa o ) ) o3a i
JULY) 8 alael) 80S Ala 5 saill o aSUEL 555 a5 5008 saliaall o) sall (il g cply jall (i

Egypt. J. Rad. Sci. Applic., Vol. 30, No.1(2017)



