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Bone complications are common in patients with thalassemia. The aim of this study was to detect the 
bone mineralization changes by DEXA study in a group of thalassemic children and their correlation with 
the level of serum vitamin D, parathyroid hormone and Zinc Thirty thalassemic children were enrolled in 
this study with DEXA study were done for them plus a traditional bone markers were investigated (serum 
calcium, phosphorus, ALP, PTH, vitamin D) and serum Zinc. All of the enrolled children show defective 
bone mineralization of lumbar spine by DEXA. All of them had vitamin D deficiency and 80.0% had 
serum zinc level below the normal range while parathyroid hormone level was within the normal range, a 
positive correlation of the serum ferritin, calcium, phosphorus, PTH, vitamin D and ALP with bone 
mineralization defect (BMD) while on correlation between serum zinc and BMD, also there were a 
positive correlation with height, weight, BMI and combined chelation therapy. Bone mineralization defect 
in thalassemic children and their correlation with traditional bone markers but not serum zinc also 
inadequate chelation and increased BMI have a risk for bone resorption. 
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INTRODUCTION 

Hemoglobin disorders are the most common 
clinically serious single gene disorders in the 
world. “In Egypt beta-thalassemia-major is the 
most common type with carrier rate of 5.3 to ≥ 9% 
and 1000 new cases born with beta-thalassemia-
major per 1.5 million live births per year (El-
Shanshory et al., 2014) Thalassemic patients 
have ineffective erythropoiesis and accelerated 
red cell turnover owing to the short life span of red 
blood cell (Galanello R and Origa R, 2010) 

The clinical spectrum of thalassemia 
encompasses the asymptomatic carriers to the 
severe thalassemia major patients who require 
lifelong blood transfusions and iron chelation. The 
optimal control of iron overload improves 

mortality, but this increased longevity is 
associated with a higher burden of complications. 
Thalassemia is associated with multiple endocrine 
complications involving the pituitary, thyroid, 
pancreas, gonads, parathyroid, and bone (Wong 
et al., 2016) 

Thalassemia bone disease is a common but 
poorly understood disease that includes a 
heterogeneous group of conditions that includes 
bone deformity, pain, marrow expansion, reduced 
bone density, and fractures (Haidar et al., 2011) 

Several factors are implicated in reduction of 
bone mass in thalassemia major (TM). aging, 
genetic disorders of osteogenesis, delayed sexual 
maturation, growth hormone (GH) and insulin 
growth factor-(IGF)-1 deficiency, parathyroid 
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gland dysfunction, diabetes, hypothyroidism, 
ineffective haemopoiesis with progressive marrow 
expansion, direct iron toxicity on osteoblasts, as 
well as liver disease have been indicated as 
possible etiological factors for thalassemia 
induced osteoporosis (Rossi et al.,2014). 

Dual energy x-ray absorptometry (DXA) is the 
most widely used modality for the assessment of 
bone mineralization in clinical practice. It serves to 
identify those patients at greatest risk of fragility 
fractures, to guide decisions regarding treatment, 
and to monitor the response to therapy. The 
relatively low cost per study and radiation 
exposure, has made it a safe and accessible tool 
for use in the management of osteoporosis. The 
lumbar spine and whole body are preferred sites 
for evaluation; hip BMD is not recommended. 
(Bachrach  and Sills , 2011). 

Aim of the study 
The aim of this study was to detect the bone 

mineralization changes by DEXA study in a group 
of thalassemic children compared to traditional 
bone markers (serum vitamin D, parathyroid 
hormone, ALP, calcium and phosphorus) plus 
serum zinc.    
 
MATERIALS AND METHODS 

Participants 
Thirty children of both genders were enrolled 

in this study. 

Study group: 
Included thirty children with β thalassemia 

major (TM group) based on clinical and laboratory 
data; on regular blood transfusion, were randomly 
selected from the outpatient pediatric clinic of 
Alzhraa and Ain shams university hospitals.  

Design 
Participants were evaluated during a hospital 

visit to determine family, medical history and full 
systemic examination. The presence of other 
hemoglobinopathies, anemia due to other causes, 
children with any acute or chronic illness 
especially: liver disorders, renal disorders or other 
disease affecting bone density were excluded 
from the study. 

Radiological 
Dual-energy X-ray absorptiometry (DXA) 

method, the gold standard for bone densitometry, 
was used for the measurement of the BMD at the 
lumbar spines (L2-L4anteroposterior view). All 

BMDs were done by one machine (MEDIX DR 
DEXA scan) in endocrine and metabolism 
department of the Alzhraa hospital –Al Azhar 
University. 

The difference between the patient 
measurement and that of someone of the same 
age is known as a Z score. Low bone mass by 
densitometry is defined by the Z-score at or 
below-2.0 (adjusted for age, sex and height). 
Osteoprosis was considered if there the low bone 
mass associated with fracture.   

Sampling 
One ml was drawn and placed in a vacutainer 

tube containing EDTA for complete blood picture 
(CBC) using automated cell counter model 
Sysmex KxN21. 

Four ml were drawn and placed in a plain 
tube, centrifuged within 30 minutes of collection, 
and serum was separated for:  

Vitamin D and PTH using enzyme-linked 
immunosorbent assay (ELISA) (EDI Kit insert: 
KT715 Total 25-OH Vitamin D EIA/V7/CE/2018-
03-USA) (Holick et al., 2011). 

PTH using enzyme-linked immunosorbent 
assay (ELISA) (EDI Kit insert: PTH 
ELISA/V1CE/2017-04-USA) (Alsahw et al., 2016). 

Serum zinc: Quantitative determination of the 
activities of antioxidant essential trace element 
zinc using Thermo scientific ICE 3000 series – AA 
spectrometry, England. Blood samples were 
digested in pure concentrated nitric oxide and 
H2O2 at 5:1 ratio by using microwave preparation 
labstation, Milestone MLS - 1200 MEGA, Italy. 
Then, the studied elements (zinc) were measured 
by using Atomic Absorption Themo scientific ICE 
3000 series - AA spectromerty, England. The 
lower cut point for serum zinc concentration is 
taken as 70 μg/dl (Hotz et al., 2003) 

Serum ferritin were performed on Cobas 
Integra 800 analyzer; Roche Diagnostics, 
Mannheim, Germany. 

Serum calcium, phosphorus and alkaline 
phosphatase done on HITACHI auto analayzer. 

Statistics 
Data was entered and analyzed using the 

SPSS for windows software. Mean comparisons 
were done by ANOVA 1 and data was compared 
using Chi–square test. p value<0.05 was taken as 
significant. 
 
RESULTS 

The descriptive statistics of the enrolled group 
are shown in table (1) showing that the age of 



Elsehmawy   et al.,               Bone Demineralization in Thalassemia Major 

 

                                                       Bioscience Research, 2019 volume 16(2):1076-1084                                             1078 

 

thalassemic group was 6-17 years with equal number of both genders with 50% for both.  
Table (1): Descriptive data of the studied children. 

 No. = 30 

Age (years) 
Mean±SD 12.20 ± 3.40 

Range 6 – 17 

Sex 
Females 15 (50.0%) 

Males 15 (50.0%) 

Age starting bl.tr. (months) 
Mean±SD 9.60 ± 5.13 

Range 6 – 20 

Frequency of bl.tr (weeks) 
Mean±SD 2.70 ± 0.65 

Range 2 – 4 

Height (cm) 
Mean±SD 132.43 ± 17.18 

Range 105 – 157 

Height SDS 
Mean±SD -2.67 ± 1.31 

Range -4.47 – -0.53 

Weight (kg) 
Mean±SD 34.18 ± 9.64 

Range 20 – 49 

BMI SDS 
Mean±SD 0.23 ± 1.18 

Range -2.52 – 1.59 

BMI (kg/m2) 
Mean±SD 19.15 ± 2.02 

Range 16.41 – 23.03 

 
Table (2): Chelation and clinical history of the studied children. 

 No. = 30 

Deferiprone (DFP) 
No 24 (80.0%) 

Yes 6 (20.0%) 

Dose  (mg/d) 
Mean±SD 3750.00 ± 273.86 

Range 3500 – 4000 

Desferioxamine (DFO) 
No 9 (30.0%) 

Yes 21 (70.0%) 

Dose (mg/w) 
Mean±SD 1020.00 ± 642.76 

Range 215 – 2000 

Deferasirox (DFX) 
No 15 (50.0%) 

Yes 15 (50.0%) 

Dose (mg/d) 
Mean±SD 800.00 ± 253.55 

Range 500 – 1250 

Combination therapy 

No 18 (60.0%) 

DFO & DFP 6 (20.0%) 

DFO & DFX 6 (20.0%) 

Duration (yrs) 
Mean±SD 9.50 ± 3.50 

Range 4 – 15 

Splenectomy 
No 21 (70.0%) 

Yes 9 (30.0%) 

Bone ache 
No 9 (30.0%) 

Yes 21 (70.0%) 

Previous fracture 
No 30 (100.0%) 

Yes 0 (0.0%) 

Short stature 
NO 
yes 

9 (30 0%) 
221 (70.0%) 
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Table (3): Descriptive of the chemistry of the studied children. 

 Reference range The studied cases No. = 30 

Ferritin (ng/ml) 
 

 
Mean±SD 2695.70 ± 1610.45 

Range 283 – 4700 

Zincμg/dl 
 

70-125 

Mean±SD 54.90 ± 14.47 

Range 36 – 85 

Normal 6 (20.0%) 

Low 24 (80.0%) 

PTH  pg/ml 
 

10-65 

Mean±SD 17.70 ± 5.38 

Range 10 – 27 

Normal 30 (100.0%) 

Vit D ng/ml 
 

20-50 

Mean±SD 12.40 ± 1.94 

Range 10 – 16 

Low 30 (100.0%) 

Calcium mg/dl 
 

8.5-10.5 

Mean±SD 9.88 ± 0.48 

Range 8.9 – 10.4 

Normal 30 (100.0%) 

Phosphorus  mg/dl 
 

3-6.5 

Mean±SD 5.51 ± 0.53 

Range 4.5 – 6.5 

Normal 30(100.0%) 

Alp  IU/l 40-140 

Mean±SD 171.50 ± 62.51 

Range 122 – 312 

Normal 18 (60.0%) 

High 12 (40.0%) 

 
Table (4): Descriptive results of the DEXA among the studied group. 

DEXA No. % 

Low bone mass Z score (<-2.0) 30 100% 

Normal Z score 0 0% 

Total 30 100% 

 
Table(5):Correlation between the degree of bone mineralization defect with the demographic and 

clinical data. 

 
Mild Moderate Severe 

Test value P-value 
No. = 9 No. = 9 No. = 12 

Age starting  
bl.tr. (months) 

Mean±SD 6.00 ± 0.00 10.67 ± 5.57 11.50 ± 5.60 
3.875 0.033 

Range 6 – 6 6 – 18 6 – 20 

Height (cm) 
Mean±SD 144.67 ± 9.26 118.33 ± 13.23 133.83 ± 17.36 

7.899 0.002 
Range 138 – 157 105 – 135 106 – 150 

Height SDS 
Mean±SD -1.16 ± 0.48 -2.76 ± 0.84 -3.73 ± 0.89 

28.237 0.000 
Range -1.55 – -0.53 -3.88 – -2.1 -4.47 – -2.4 

Weight (kg) 
Mean±SD 38.00 ± 6.76 26.67 ± 5.63 36.95 ± 11.05 

5.033 0.014 
Range 33 – 47 20 – 33 22 – 49 

BMI (kg/m2) 
Mean±SD 18.00 ± 0.87 18.89 ± 1.15 20.20 ± 2.62 

3.763 0.036 
Range 17.08 – 19.07 18.11 – 20.42 16.41 – 23.03 

Combination therapy 

No 9 (100.0%) 6 (66.7%) 3 (25.0%) 

16.667 0.002 DFO & DFP 0 (0.0%) 3 (33.3%) 3 (25.0%) 

DFO & DFX 0 (0.0%) 0 (0.0%) 6 (50.0%) 

Duration of disease (yrs) 
Mean±SD 9.33 ± 2.00 7.00 ± 3.77 11.50 ± 3.09 

5.621 0.009 
Range 8 – 12 4 – 12 7 – 15 

History of splenectomy 
No 3 (33.3%) 9 (100.0%) 9 (75.0%) 

9.762 0.008 
Yes 6 (66.7%) 0 (0.0%) 3 (25.0%) 

 



Elsehmawy   et al.,               Bone Demineralization in Thalassemia Major 

 

                                                       Bioscience Research, 2019 volume 16(2):1076-1084                                             1080 

 

Table (6): Correlation between the degree of bone mineralization defect and the laboratory data. 

 
Mild Moderate Severe 

Test value P-value 
No. = 9 No. = 9 No. = 12 

Ferritin (ng/ml) 
Mean±SD 1690.67 ± 950.21 3984.00 ± 928.05 2483.25 ± 1822.32 

6.550 0.005 
Range 472 – 2600 2752 – 4700 283 – 4500 

PTH 
Mean±SD 19.00 ± 4.50 13.33 ± 5.00 20.00 ± 4.55 

5.727 0.008 
Range 16 – 25 10 – 20 15 – 27 

PTH groups 
Normal 9 (100.0%) 9 (100.0%) 12 (100.0%) 

NA NA 
Abnormal 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Vit D 
Mean±SD 12.67 ± 1.00 11.00 ± 1.50 13.25 ± 2.26 

4.423 0.022 
Range 12 – 14 10 – 13 10 – 16 

Ca 
Mean±SD 10.17 ± 0.33 9.37 ± 0.49 10.15 ± 0.17 

16.985 0.000 
Range 9.9 – 10.6 8.9 – 10 10 – 10.4 

Ph 
Mean±SD 5.37 ± 0.70 5.57 ± 0.71 5.58 ± 0.09 

0.447 0.644 
Range 4.5 – 6.1 5 – 6.5 5.5 – 5.7 

Alp 
Mean±SD 151.33 ± 38.16 136.33 ± 5.50 213.00 ± 77.44 

6.149 0.006 
Range 122 – 202 129 – 140 122 – 312 

 
The mean age starting blood 

transfusion/months was (9.60 ± 5.13) with 
transfusion frequency range 2 – 4 weeks. 
Regarding the chelation history of the thalassemic 
children 20.0%  of them were taking Deferiprone, 
70.0% were taking Desferoxamine, 50.0 % were 
taking Deferasirox while 20.0% were taking 
combination therapy; 30.0%  of them undergo 
splenectomy, 70.0% were complaining from bone 
ache and none have previous fracture. 70.0% of 
them were short stature (Table 2). 

Biochemically, all of the enrolled children had 
vitamin D deficiency and 80.0% had low zinc level 
below the normal range while parathyroid 
hormone level was within the normal range in the 
studied children. 

Regarding the mean serum calcium level was 
(9.88 ± 0.48mg/dl) and the mean serum 
phosphorus was (5.51 ± 0.53mg/dl) with all 
children having normal serum calcium and 
phosphorus ranging ;while (40.0%) had higher 
ALP level (table 3). 

All of the enrolled children were having low 
bone mass (table 4). Correlation between degree 
of bone mineralization defect and the studied 
parameters (table 5, 6). 
 
DISCUSSION 

This was a descriptive study carried out on 30 
children suffering from thalassemia major on 
regular blood transfusion with its range2-4/weeks, 
their age range was 6-17 years with equal number 
of both gender with 50% for both. The mean age 
starting blood transfusion/months was (9.60 ± 
5.13), their weight range/kg 20-49, their height 
range 105 to 157cm. 

Seventy (70%) of the enrolled children were 
short stature (height z-score < -2). This is in 
agreement with previous reports(-(Hashemi et al., 

2011,Vogiatzi et al., 2009,Jain et al., 1995,Flynn 
et al., 1976) also (Fahim et al., 2013) 

in Egyptian study they found that 49% of their 
studied children have short stature. In contrast; 
other investigators reported no significant 
difference in height between cases and controls 
(Hamed et al., 2010) 

All of the enrolled children taking chelation 
therapy; 20.0% of them taking Deferiprone, 70.0% 
were taking Desferoxamine, 50.0% were taking 
Deferasirox while 20.0% were taking combination 
therapy; 30.0%  of them were undergo 
splenectomy, 70.0% were complaining from bone 
ache and none had previous fracture . 

The main stay of treatment of severe β 
thalassemia is regular blood transfusion with an 
attempt to maintain hemoglobin levels greater 
than 10 g/dl. Repeated blood transfusion results in 
citrate toxicity and lead to iron deposition that 
subject these patients to variety of complications 
such as growth impairment, endocrinopathies like 
hypoparathyroidism and metabolic abnormalities 
(Jayatissa et al., 2015) 

Without vitamin D, only 10–15% of dietary 
calcium and about 60% of phosphorus is 
absorbed. Serum levels of 25-OHD are directly 
related to bone mineral density with a maximum 
density achieved when the 25-OH-D level reached 
40 ng/ml or more (Soliman et al., 2008).Vitamin D 
deficiency is also implicated in the pathogenesis 
of osteoporosis in TM patients due to the 
regulatory effect of vitamin D in both osteoclasts 
and osteoblasts. (Voskaridou and Terpos , 2013) 

In our study all the enrolled children had 
normal calcium and phosphorus level. Regarding 
alkaline phosphatase mean serum level (171.50 ± 
62.51 IU/L) with (40.0%) had higher level than 
normal. All of the enrolled thalassemic children 
had normal level of the parathyroid hormone with 
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its mean serum level was (17.70 ± 5.38 pg/ml). All 
of the enrolled children had vitamin D deficiency 
with its range 10 – 16 ng/ml. Normal level of PTH 
despite low vitamin D in our cases may indicate 
parathyroid dysfunction from hemosiderosis 
evidenced by increased serum ferritin level. 

Several studies investigate the minerals and 
hormones involved in bone metabolism in 
thalassemic children, ((Basha et al., 2014)) who 
study the prevalence of hypoparathyroidism in 
beta thalassemia major found that thalassemic 
children had hypocalcemia, hyperphosphatemia, 
increased ALP and low parathyroid hormone, also 
Goyal, et al., (2010) found that patients with 
thalassemia have hypoparathyroidism and 
reduced serum calcium concentrations.  

(El-Nashar, et al., 2017) in Egyptian study 
revealed a marked reduction in calcium level and 
increase in phosphorus and alkaline phosphatase 
levels in thalassemia patients compared to the 
control group and non-significant higher level of 
parathyroid hormone in the patient compared to 
their controls. Also, (Napoli, et al. 2006) reported 
hypoparathyroidism in 15% of b-thalassemia 
major patients despite the presence of 
hypocalcemia and hyperphosphatemia in most of 
them and they attributed that to the wideness in 
parathyroid hormone level range or the young age 
of their patients. Another Egyptian study done by  
( Hagag et al., 2015)) revealed that serum ferritin, 
iron, phosphorus and alkaline phosphatase were 
significantly higher in children with beta-
thalassemia, while serum PTH and ionized 
calcium were significantly lower these patients 
compared to controls. 

(Aggarwal, et al., 2018) in Indian study  
revealed that higher phosphorus and ALP with 
normal calcium level and no significant difference 
in parathyroid hormone level in thalassemic 
children compared to healthy control and all of the 
studied children had vitamin D deficiency  

(Fahim, et al., 2013) found that in Egyptian 
thalassemic children 37 % had vitamin D 
deficiency and 54% had vitamin D insufficiency. 
(Vogiatzi et al., 2009)  reported that 12% of 
thalassemic patients were vitamin D deficient and 
69.8% had insufficient levels also (Rashid 
merchant, et al., 2010) found vitamin D deficiency 
in 62% Indian thalassemia major children  Another 
study on Iranian population found that 37.2% of 
thalassemic patients had vitamin D 
deficiency(Shamshirsaz et al., 2003). 

Zinc is one of the essential micronutrients in 
human and acts as a cofactor for more than 300 
enzymes and plays a particular role in human 

growth and development. Bone deficits appear 
linked not only to an increase in bone resorption, 
but to a decrease in bone formation. Many factors 
likely contribute to the etiology of low bone mass 
in thalassemia, including nutritional deficiencies of 
calcium, vitamin D, and zinc. Suboptimal zinc 
status has been observed in patients with 
thalassemia, as suggested by decreased plasma 
and leukocyte zinc concentrations, decreased 
alkaline phosphatase activity, and increased 
urinary zinc excretion ( Fung et al., 2013) 

In our study 80.0% of thalassemic children 
had low zinc level below the normal range(70-
125ug/dl)and this come in agreement with 
previous studies; ( Mahyar et al., 2010) who found 
that (65%) of thalassemic patients had zinc 
concentration under 70 µg/dl, while Nidumuru, et 
al.,2017) they found that (65%) of the thalassemia 
patients had zinc concentration below 60 μg/dl, 
confirming hypozincemia, decreased serum zinc 
in thalassemic children also observed by 
(Karunaratna, et al.,2018).  

The most commonly used technique for 
measuring bone mineral density is dual energy X-
ray absorptiometry (Sheu and  Diamond, 2016)In 
our study all of the enrolled children had defective 
bone mineralization of lumbar spine by DEXA and 
this were observed by several studies 
(Voskaridou, et al.,2013), Vogiatz, et al.,2009), 
also Taher, et al., 2010) found that 22.9% of the 
studied thalassemic children suffer from low bone 
mass, while (Jeans, et al., 1998) found that low 
bone mass in 96% of children with thalassemia 
major. In Egyptian study, ( El-Nashar, et al., 2017) 
revealed that 48% of the thalassemic children had 
decreased bone mineral density. 

In correlation between the degree bone 
mineralization defect and the studied minerals and 
hormones we found a positive correlation of the of 
the serum ferritin, calcium, phosphorus, PTH, 
vitamin D deficiency and ALP more with low bone 
mass but on correlation between serum zinc and 
DEXA finding, also bone mineralization defect in 
our children was correlated with height, weight, 
BMI and combined chelation therapy. 

(Merchant, et al., 2010) observed that bone 
mineral density (BMD) values were not influenced 
by gender, blood transfusion or chelation therapy, 
changes in calcium or phosphorus vitamin D and 
PTH. Other workers who noted 

that keeping hemoglobin level above 9.0 
gm/dl reduced osteoporosis and fractures 
especially in older (Scuteralli et al., 1983) (Katz et 
al., 1994) also (Zadeh, et al.,2017) found that 
there was statistically significant association 
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between patient’s body mass index (BMI) and 
hemoglobin level with BMD. While (Hashemieh, et 
al., 2014) found that higher age of patients, longer 
duration of transfusion and longer intervals 
between transfusions had a positive correlation 
with BMD. 

CONCLUSION 
This study revealed bone mineralization 

defect in thalassemic children and their correlation 
with traditional bone markers but not serum zinc 
also inadequate chelation and increased BMI 
have a risk for bone resorption and BMD should 
be evaluated regularly for early diagnosis to 
prevent morbidity. Limitations of the study were 
that a small number of thalassemic children were 
evaluated and that for ethical and financial 
constraints, no control group was simultaneously 
studied. We further did not correlate role of sex 
hormones in bone dysfunction. 
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