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ABSTRACT 
Objectives: To assess bone mineral density in β- thalassemia major (TM) patients and its relation with 

gender, age, hemoglobin (Hb), calcium, ferritin, body mass index (BMI), chelation therapy, and splenectomy. 

Patients and methods: Randomised cross-sectional study of 52 patients with beta thalassemia major (TM) 

from Thalassemia Center in Ibn-Alatheer Teaching Hospital (32 males and 20 females) with age between 3 

and 30 years scanned for bone mineral density (BMD) at lumbar spine with dual-energy X-ray 

absorptiometry (DEXA) scan at DEXA unit in Ibn-Sena Teaching Hospital from September 2010 to 

December 2010. The information about chelation therapy and splenectomy were obtained from the patients 

with measurement of height and weight and blood samples for hemoglobin (Hb), calcium and ferritin were 

taken.  

Results: All 52 patients had T-score in osteoporotic range (100%), however, Z-score osteoporosis was seen 

in 26 (50%) and osteopenia in 19 (36.5%). Bone density was normal in only 7 (13.4%). All patients had 

elevated ferritin levels (100%), 36 (69.2%) had low body mass index (BMI) and 32 (61.5%) had low 

hemoglobin (Hb) levels. Twenty six (50%) had low calcium levels and 2 (3.8%) were not using chelation 

therapy. Sixteen (30.7%) had delayed puberty and the rest 36 (69.2%) were in prepubertal stage. Twelve 

patients (23%) had splenectomy.  

Conclusion: There is high incidence of low BMD in beta thalassemia (100% by T-score and 86.5% by Z-

score) with significant association with age (P-value0.000), low BMI (P-value 0.038), low Hb (P-value 0.022), 

delayed sexual maturity (P-value 0.000), and splenectomy (P-value 0.000). 

 

  هرض فقر دم البحر الوتىسط ًىع بٍتا ػلى كثافة الؼظام فً الوىصل تأثٍر

 **هشؼاى ههذي صالح، *خالذ ًافغ الخٍرو

 هستشفى ابي سٌٍا التؼلٍوً، الوىصل، الؼراق فرع الطب،*فرع الطب، كلٍة الطب، جاهؼة الوىصل، **
 

 الخلاصة

 تاىنثاف ت, ٍِٗ ٕزٓ اىَعاػفاث اىَضٍْاىَعاػفاث غ٘ييت الأٍذباىؼذيذ ٍِ  تٗاىَقخشّ تٍشاض اىذً اىشائؼأ ٕ٘ أحذثلاعيَيا اى

 اىؼظاً(. تىَؼذُ اىؼظٌ )ٕشاش تعاىَْخف

ٍغخ٘ٙ ٍٗغخ٘ٙ اىٖيَ٘غي٘بيِ ٗاىؼَش ٗدساعٔ مثافت ٍؼذُ اىؼظٌ في ٍشظٚ اىبيخا ثلاعيَيا ٗػلاقت رىل ٍغ اىجْظ  :هذافالأ

 chelation)خشاج اىحذيذإػلاج ٗ( body mass indexٍقياط مخيت اىجغٌ )ٗ( ferritin)اىحذيذيِ ٍغخ٘ٙ ٗاىناىغيً٘ 

therapy) ٗ.سفغ اىطحاه 

 اىنبشٙ.بيط اىَخ٘عػ ّ٘ع بيخا فقش دً اىبحش الأٍِ ٍشظٚ  ا  ٍشيع 25ـ ى تػش٘ائي تػشظي تٍقطؼي تدساع تصوٍن البحث:

يي٘ه أثيش اىخؼييَي ٗٗحذة اىذمغا في ٍغخشفٚ ابِ عيْا اىخؼييَي ٍِ ٍشمض اىثلاعيَيا في ٍغخشفٚ ابِ الأ جراء البحث:إهكاى 

 . 5202ٗه اىٚ ماُّ٘ الأ 5202

ىقياط ٍغخ٘ٙ  تعْ 22اىٚ  2ػَاس بيِ أّثٚ( بأ 52رمش ٗ 25ٍشيعا يؼاّي ٍِ بيخا ثلاعيَيا اىنبشٙ ) 25حٌ فحص  طرٌقة الؼول:

خشاج اىحذيذ ٗػِ سفغ اىطحاه ٍغ إعخخذاً ػلاج إخز ٍؼيٍ٘اث ػِ أعخخذاً جٖاص اىذمغا ٍغ إب تاىؼظاً في اىفقشاث اىقطْيٍؼذُ 

 ّضيَاث اىنبذ.إاىغي٘م٘ص ٗٗ اىحذيذيِاٗاىناىغيً٘ َٗ٘غي٘بيِ خز ػيْاث دً ىفحص اىٖيأقياط اىط٘ه ٗاى٘صُ ٗ

%( ٍشيعا ماّ٘ا 22) 52 ٗحبيِ أُ T (T-score)ماّ٘ا يؼاُّ٘ ٍِ ٕشاشت اىؼظاً حغب ٍقياط  (%022)مو اىَشظٚ  الٌتائج:

%7 (02,4 )ٗ (osteopenia)%( ٍشيعا يؼاُّ٘ ٍِ ِٕٗ اىؼظاً 22,2) 09ٗ (osteoporosis)يؼاُّ٘ ٍِ ٕشاشت اىؼظاً 
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اىحذيذيِ سحفاع في ٍغخ٘ٙ إ% ماُ ىذيٌٖ 022مو اىَشظٚ  .Z (Z-score)حغب ٍقياط  تٍشيعا ماّج ّخيجت فحصٌٖ غبيؼي

%( ٍشيعا ماُ ىذيٌٖ ٍغخ٘ٙ 20,2) 25ٗ( BMI) ّخفاض في ٍقياط مخيت اىجغٌإ%( ٍشيعا ماُ ىذيٌٖ 29,5) 22ٗ

 اُيغخخذٍ اىٌ ينّ٘ اُعيٍشٗ%( 2,8) 5 ٍْٗخفط ٍِ اىناىغيً٘ %( ٍشيعا ماُ ىذيٌٖ ٍغخ٘ٙ 22) 52ٕٗيَ٘غي٘بيِ ٍْخفط 

%( ٍشيعا ماّ٘ا ححج 29,5) 22%( ٍشيعا ماّ٘ا يؼاُّ٘ ٍِ حأخش اىْع٘ج اىجْغي ٗاىباقي 22,7) 02 ٗخشاج اىحذيذ إػلاج 

 .%( ٍشيط حٌ سفغ اىطحاه ى52ٌٖ) 05 ٗ تعِ اىَشإق

% T ٗ82,2% حغب ٍقياط 022ِٕٗ اىؼظاً في ٍشظٚ اىبيخا ثلاعيَيا ) ٍِ ٕشاشت اىؼظاً ٗ تػاىي تماُ ْٕاك ّغب :ةالخلاص

ّخفاض إٗ,  P-value 2,228= ّخفاض ٍقياط مخيت اىجغٌإٗ,  P-value 2,222= ٍغ اىؼَش تٗاظح ت( ٍغ ػلاقZحغب ٍقياط 

 .P-value 00000= سفغ اىطحاه, ٗ P-value 00000= ٗحأخش اىْع٘ج اىجْغي,  P-value 2,255=اىٖيَ٘غي٘بيِ 

 
INTRODUCTION 
 

steoporosis is a condition of decreased bone 

mass. This leads to fragile bones which are 

at an increased risk for fractures. In fact, it will take 

much less stress on an osteoporotic bone to 

fracture it than a healthy bone. The term "porosis" 

means porous, which describes the appearance of 

osteoporotic bones when they are broken in half 

and the inside is examined. Normal bone marrow 

has small holes within it, but a bone with 

osteoporosis will have much larger holes.
1
 

Osteopenia and osteoporosis represent prominent 

causes of morbidty in patients of both genders with 

thalassemia.
2 

During the last decade, the presence 

of osteopenia and osteoporosis in well-treated 

thalassemics has been described in different 

studies with high prevalence (up to 50%).
3
 Several 

factors are implicated in reduction of bone mass in 

TM: delayed sexual maturation, growth hormone 

(GH and insulin growth factor-(IGF)-1 deficiency), 

parathyroid gland dysfunction, diabetes, 

hypothyroidism, ineffective hemopoesis with 

progressive marrow expansion, direct iron toxicity 

on osteoblasts, as well as liver disease.
3,4 

Furthermore, iron chelation has correlated with 

growth failure and bone abnormalities, and high 

desferrioxamine dosage has been associated with 

cartilage alterations.
3,5,6

  

   Bone mineral density (BMD) testing is a widely 

available clinical tool to diagnose osteoporosis and 

predict fracture risk.
7
 Dual-energy X-ray 

absorptiometry (DEXA) of the spine, hip and 

forearm is the best method for diagnosis of 

osteoporosis and monitoring changes in BMD over 

time.
8
  

   Thalassemias are a group of inherited defects in 

hemoglobin synthesis due to absence or decrease 

production of alpha or beta globin chains, 

characterized by ineffective erythropoesis and 

increased peripheral destruction of red blood cells 

(RBCs) with reduced life span of RBCs and 

chronic hemolytic anemia.
9
 

 

Aim of study 

1) To assess bone mineral density (BMD) in 

patients with beta thalassemia major (TM) and its 

relation with age, gender, serum calcium and body 

mass index (BMI).  2) To evaluate the effects of 

hemoglobin (Hb) and serum ferritin on bone 

mineral density (BMD). 3) To find out the effects of 

splenectomy and iron chelation therapy on bone 

mineral density (BMD). 
 

PATIENTS AND METHODS                                                              
A cross-sectional randomized hospital-based study 

was conducted at Thalassemia Center in Ibn-

Alatheer Teaching Hospital and DEXA unit in Ibn-

Sena Teaching Hospital. A total of 52 patients with 

beta thalassemia major (TM) (32 males and 20 

females) were enrolled in this study from 

September 2010 to December 2010. Their ages 

were between 3 and 30 years (Mean age 13  7.4 

years). The patients according to age were divided 

into 3 groups (10, 10 to 20 and 20 years). All 

patients were scanned for bone mineral density 

(BMD) at anteroposterior lumbar spine (L1-L4) 

using dual energy X-ray absorptiometry (Hologic 

Discovery W(S/N 83909) 1997 USA). The BMD 

results were expressed as T-score (measures 

patients BMD against that of a normal, healthy, 30 

years old, sex matched) and Z-score (measures 

BMD compared to a typical, healthy person of 

same age and sex). The World Health 

Organization define osteopenia as a score 

between -1 and -2.5, and osteoporosis as a score 

lower than -2.5.
9
 Because T-score in all the 

patients was in the osteoporotic range we could 

not compare between patients so we used Z-score 

only. Venous blood samples were obtained for 

O 
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hemoglobin (g/L), calcium (mmol/L)   and ferritin 

(ng/dL). All patients had elevated serum ferritin 

levels, they were divided into 3 groups (<1000, 

1000 to 2500 and 2500 ng/dL) as 1000 ng/dL is 

the recommended target in TM and below 2500 

ng/dL is associated with less cardiac 

complications.
10,11

 The height and weight of the 

patients were measured and information about 

age, use of iron chelation therapy [desferroxamine  

(Desferal) subcutaneous infusion], splenectomy 

and features of sexual maturity were obtained from 

the patients, their parents or legal guardians. 

Physical examination and application of Tanner 

stages of sexual development were also 

included.
12

 

   Body mass index (BMI) was calculated from 

height and weight using the equation: BMI Weight 

(kg)/Height (M
2
).

13
 Patients were divided into 2 

groups: low BMI, less than 18.5 (36 (69.2%) 

patients) and normal BMI [16 (30.7%) patients].                               

Hemoglobin readings were divided into 2 groups: 

below 95 g/L [32 (61.5%) patients] and above or 

equal to 95 g/L [20 (38.4%) patients]. Level 95 g/L 

is the level that suppresses erythropoesis usually 

with minimal iron overload.
14,15     

   Patients were considered to have delayed 

puberty if there was no breast development by 13 

years or no menarche for 3 years after breast 

development in females, and if there was no 

testicular enlargement by 14 years in males.
16  

According to this definition patients were divided 

into 2 groups (prepubertal and those with delayed 

puberty).  

   Statistical data were analyzed using SPSS 

software (version 12, SPSS Inc. 2003). T-test was 

used to compare the means, and association 

between variables was compared using Pearsons 

Chi-Square test. P-value less than 0.05 was 

considered significant. 
 

RESULTS 

Fifty two patients with beta thalassemia major (TM) 

were screened for osteoporosis by DEXA scan. All 

patients (100%) had a T-score less than -2.5 i.e. 

osteoporosis (lowest T-score was -6.5 and highest 

T-score was -3.0). Mean T-score was -4.7±0.9. But 

with Z-score, there was 7 (13.4%) normal, 19 

(36.5%) with osteopenia and 26 (50%) with 

osteoporosis (lowest Z-score -4.6 and highest Z-

score 0.8). Mean Z-score was -2.2±1.3 (total 

percentage of low BMD 86.5%) as shown in Table 

1. 

   Of the 52 patients, 32 (61.5%) were males and 

20 (38.4%) were females. Table 2 shows no 

significant difference between males and females 

in low bone mineral density measured as Z-score. 

The age of patients was between 3 and 30 years 

(mean 13±7.4 years). For below 10 years age 

group, there were 18 (34.6%) patients and for 

those between 10 to 20 years there were 26 (50%) 

patients and for more than 20 years, there were 8 

(15.3%) patients. Table 3 shows significant 

association between age and low Z-score (P value 

0.000).   

   Body mass index was low in 36 patients and 

normal in the rest (lowest 10.3 kg/m
2
 and highest 

25.3 kg/m
2
: mean of 17.2 3 kg/m

2
). Table 4 

shows significant association between low BMI 

and low Z-score (P value 0.038). 
 

Table 1. Bone mineral density measured by T and Z 

scores. 

No. of 
patients 

Z-score 
No. of 

patients 
T- score 

7 (13.4%) 
Normal 
(> -1) 

0 (0%) 
Normal 
(> -1) 

19 
(36.5%) 

Osteopenia  
(-1 to-2.5) 

0 (0%) 
Osteopenia 
(-1 to -2.5) 

26 (50%) 
Osteoporosis 

(< -2.5) 
52 

(100%) 
Osteoporosis 
(<-2.5) 

52 
(100%) 

Total 
52 

(100%) 
Total 

 

Table 2. Relation between Z-score and gender of 

patients.  

P 
value 

Total Females Males Z-score 

NS 

7 
(13.4%) 

1 (5%) 
6 

(18.7%) 
Normal 

19 
(36.5%) 

7 (35%) 
12 

(37.5%) 
Osteopenia 

26 
(50%) 

12 (60%) 
14 

(43.7%) 
Osteoporosis 

52 
(100%) 

20 32 Total 

 
Table 3. Relation between Z-score and age of patients.               

P 
value 

Total 
Age > 

20 
years 

Age 10 
to 20 
years 

Age < 
10 

years 
Z-score 

0.000 

7 
(13.4%) 

0 (0%) 
4 

(15.3%) 
3 

(16.6%) 
Normal 

19 
(36.5%) 

0 (0%) 6 (23%) 
13 

(72.2%) 
Osteopenia 

26 
(50%) 

8 
(100%) 

16 
(61.5%) 

2 
(11.1%) 

Osteoporosis 

52 
(100%) 

8 26 18 Total 
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Table 4. Relation between Z-score and body mass index 
(BMI). 

P 
value 

Total 
Normal  

BMI 

Low BMI       
<18.5 
kg/m

2
 

Z-score 

 
0.0380 

7 
(13.4%) 

2 
(12.5%) 

5 
(13.8%) 

Normal 

19 
(36.5%) 

2 
(12.5%) 

17 
(47.2%) 

Osteopenia 

26 
(50%) 

12 
(75%) 

14 
(38.8%) 

Osteoporosis 

52 
(100%) 

16 36 Total 

 

   Mean hemoglobin level was 92.4  12 g/L 

(lowest reading was 60 g/L and highest reading 

was 113 g/L). Table 5 shows significant 

association between low hemoglobin level and low 

Z-score (P value 0.022). 

   For serum ferritin level, all patients (100%) had 

elevated readings (normal range 20-300 ng/dL in 

males and 14-150 ng/dL in females)
10,11

 with 

lowest reading 411 ng/dL and the highest reading 

7909 ng/dL (mean 3751.8  1937.7 ng/dL).    

Table 6 shows no significant association between 

elevated serum ferritin and low Z-score. 

   Serum calcium was found to be low (less than 

2.1 mmol/L) in 26 (50%) of patients and normal in 

26 (50%) of patients (mean 2.03  0.1 mmol/L) 

(lowest reading 1.8 mmol/L and highest reading 

2.3 mmol/L). There was no significant association 

between low calcium level and low Z-score as in 

Table 7. 

  There were 50 (96%) patients on chelation 

therapy and only 2 (3%) patients without chelation 

therapy. Table 8 shows no significant association 

between the use of chelation therapy and low bone 

mineral density (BMD) in Z-score. 

   For patients with delayed sexual maturity there 

were 16 (30.7%) patients with delayed puberty and 

36 (69.2%) patients in the prepubertal stage: a 

significant association between delayed puberty 

and low Z-score (P value 0.000) is shown in    

Table 9. 

   Twelve (23%) patients had splenectomy and 40 

(76.9%) patients were without. Table 10 shows 

significant association between patients without 

splenectomy and low Z-score (P value 0.000).  

   A significant association was found between 

splenectomy and elevated serum ferritin level (P 

value 0.030) as shown in Table 11. 
 

Table 5. Relation between Z-score and hemoglobin level 

(Hb).         

P 
value 

Total 
Hb > 95 

g/L 
Hb < 95 

g/L 
Z-score 

0.022 

7 
(13.4%) 

6 (30%) 1 (3%) Normal 

19 
(36.5%) 

6 (30%) 
13 

(40.6%) 
Osteopenia 

26 
(50%) 

8 (40%) 
18 

(56.2%) 
Osteoporosis 

52 
(100%) 

20 
(38.4%) 

32 
(61.5%) 

Total 

 

 

Table 6. Relation between Z-score and serum ferritin.                

P value Total Ferritin>2500 ng/ml Ferritin 1000-2500 
Ferritin<1000 

ng/ml 
Z-score 

NS 

7 (13.4%) 5 (15.6%) 2 (11.1%) 0 (0%) Normal 

19 (36.5%) 11 (34.3%) 8 (44.4%) 0 (0%) Osteopenia 
26 (50%) 16 (50%) 8 (44.4%) 2 (100%) Osteoporosis 

52 (100%) 32 (61.5%) 16 (30.7%) 2 (3.8%) Total 

       

Table 7. Relation between Z-score and serum calcium. 

P 
value 

Total 
Normal 
calcium 

Low 
calcium 

<2.1mmol/L 
Z-score 

NS 

7 
(13.4%) 

2 
(7.6%) 

5 (19.2%) Normal 

19 
(36.5%) 

12 
(46.1%) 

7 (26.9%) Osteopenia 

26 
(50%) 

12 
(46.1%) 

14 (53.8%) Osteoporosis 

52 
(100%) 

26 26 Total 

 

Table 8. Relation between Z-score and use of chelation 

therapy (Desferrioxamine). 

P 
value 

Total 
Chelation 
therapy 

No   
chelation 
therapy 

Z-score 

NS 

7 
(13.4%) 

6 (12%) 1 (50%) Normal 

19 
(36.5%) 

18 (36%) 1 (50%) Osteopenia 

26 
(50%) 

26 (52%) 0 (0%) Osteoporosis 

52 
(100%) 

50 2 Total 
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Table 9. Relation between Z-score and sexual maturity 

of patients.   

P 
value 

Total 
Delayed 
puberty 

Prepubertal  
stage 

Z-score 

0.000 

7 
(13.4%) 

0 (0%) 7 (19.4%) Normal 

19 
(36.5%) 

0 (0%) 19 (52.7%) Osteopenia 

26 
(50%) 

16 
(100%) 

10 (27.7%) Osteoporosis 

52 
(100%) 

16 36 Total 

 

Table 10. Relation between Z-score and splenectomy.              

P 
value 

Total Splenectomy 
No 

splenectomy 
Z-score 

0.000 

7 
(13.4%) 

0(0%) 7 (17.5%) Normal 

19 
(36.5%) 

0(0%) 19 (47.5%) Osteopenia 

26 
(50%) 

12 (100%) 14 (35%) Osteoporosis 

52 
(100%) 

12 40 Total 

 

Table 11. Relation between serum ferritin and 

splenectomy.   

P 
value 

Total 
No        

splenectomy 
Splenectomy Ferritin 

0.030 

2 (3.8%) 0 2 (1 6.6%) 
< 1000 
ng/dL 

18 
(34.6%) 

14 (35%) 4 (33.3%) 
1000-
2500 
ng/dL 

32 
(61.5%) 

26 (65%) 6 (50%) 
>2500 
ng/dL 

52 
(100%) 

40 (76.9%) 12 (23%) Total 

 

DISCUSSION                                                                                                      
The study showed high incidence of low bone 

mineral density in beta thalassemia major both in 

T-score (100%) and Z-score (86.5%). The 

difference between T and Z-scores is expected as 

most of our patients are children and they would 

have lower BMD compared with a healthy 30 years 

control match (i.e. T-score). Also the study showed 

no significant difference between males and 

females as far as bone mineral density is 

concerned. This was in agreement with Karimi, et 

al
17

 and Shamshirsaz, et al
18

, but not with others,
19-

25
 who reported lower BMD in males. This may 

indicate more severe changes in females in our 

study, which could be due to delayed puberty in 

patients as amenorrhea and hypogonadism have a 

greater impact on osteoporosis in females than in 

males.
25

 There was very significant association 

between low bone mineral density and advanced 

age. This is in agreement with Christoforidis et al,
20

 

and  contrary to others,
19,22,23 

who showed lower 

bone mineral density in young patients (3-13 

years). This may be due to the large number of 

patients with delayed puberty in our study, as BMD 

which is already low in childhood, decreases 

further in patients with absent or delayed puberty.
24 

There was also significant association between low 

body mass index and low bone mineral density  in 

constrast to Rafsaniani et al,
19

 which may be due 

to delayed growth caused by chronic anemia (as 

patients did not follow proper transfusion program), 

delayed puberty  and  growth hormone deficiency 

(which was not measured in our study). There was 

significant association between low hemoglobin 

level and low bone mineral density as found by 

Karimi, et al
17

 but contrary to Rafsaniani et al.
19 

This is mostly due to increased erythropoesis, 

bone marrow expansion and increased transfusion 

requirement with lower Hb. There was no 

significant association between elevated serum 

ferritin and low bone mineral density as was 

reported by Rafsaniani, et al
19

 which may be 

attributed to the small number of the patients in the 

study or because all patients had elevated levels 

so there was no significant difference between 

them (because it is well known that iron is toxic to 

osteoblasts).
3  

   
There was no significant association between low 

serum calcium and low bone mineral density as 

found by Rafsaniani, et al.
19

 There was no 

significant association between no use of chelation 

therapy and low bone mineral density, most likely 

due to the limited number of patients not using 

chelation therapy (only 2 patients), the under 

dosing of desferroxamine or the harmful effects of 

chelation therapy on bone (growth failure, bone 

abnormalities and cartilage alterations).
2,4,5

 
    

There was very significant association between 

delayed puberty and low bone mineral density, 

comparable to Saffari et al,
23

 Rafsaniani et al,
19

 

Filosa et al
26 

and Toumba et al.
24

 This is expected 

because sex hormones have important role in 

skeletal maturation and preservation in both males 

and females.
25

 
   

   
There was very significant association between 

splenectomy and low bone mineral density which 

may be due to the fact that older patients usually 

undergo splenectomy, or because ferritin was 

significantly elevated in patients with splenectomy 

and iron has direct toxic effects on osteoblasts,
3
 or 
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to other unknown causes, which will need more 

studies in the future. 
 

CONCLUSION 

1) There was high incidence of low bone mineral 

density (BMD) in patients with beta thalassemia 

major (TM) (100% by T-score and 86.5% by Z-

score). 2) There was significant association 

between low bone mineral density and older 

patients (P- value 0.000), low body mass index (P-

value 0.038), low hemoglobin level (P-value 0.022) 

delayed sexual maturity (P-value 0.000), 

splenectomy (P- value 0.000), and high serum 

ferritin (P-value 0.030). 3) There were no 

significant effects of serum calcium, serum ferritin, 

and chelation therapy on BMD and gender. 
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