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Abstract
Introduction: Thalassemia is the most common genetic defect, globally affecting about 200 million individuals.
Increased longevity in transfusion-dependent thalassemia patients is accompanied by complications such as
osteopenia, osteoporosis and skeletal disabilities. In this regard, increased bone reabsorption in beta-thalassemia
has led to the administration of bisphosphonates for these patients.
Objectives: Although there is growing consensus on the effectiveness of pamidronate in thalassemia osteoporosis,
the findings about the dosage and duration of pamidronate are inconsistent. Accordingly, the present study aimed
to assess the impact of low-dose pamidronate on the bone mineral density (BMD) of major beta-thalassemia
patients.
Patients and Methods: In this study, the participants encompassed 20 transfusion-dependent major thalassemia
patients with Z-score< -2.5 in bone mineral densitometry. Bone density was determined in the lumbar vertebras
and hip by using dual X-ray absorptiometry. Pamidronate was administered intravenously in monthly dosage of 1
mg/kg over six months.
Results: According to the findings, the participants’ mean age was 16.55 ± 3.15 years (Range: 10-25 years).
The baseline mean of Z-score for lumbar vertebras was -2.92 ± 1.14 and reached -1.95 ± 1.2 after six months
(P < 0.001). Moreover, the baseline mean of Z-score for the hip region was -2.00 (0.65) and reached -1.55 (0.77).
Conclusion: The dosages of 1 mg/kg over six months had a statistically significant effect on bone density and
improved Z-scores of lumbar vertebrae and hip bone density by 45% and 20%, respectively.

Introduction
Thalassemia is the most common genetic
defect, globally affecting about 200 million
persons. The mechanism by which this
disease is presented depends on several
factors (1). Beta thalassemia refers to a group
of hemoglobin-related disorders inherited
through an autosomal recessive pattern, as
Lee and Cooley first described. The decreased
production of the beta-globulin chains is the
main pathogenesis of these diseases (2). The
life expectancy of those suffering from betathalassemia has gradually increased in recent
years due to regular blood transfusions and
new generations of iron-chelating agents.
However, increased longevity has also
been accompanied by complications such
as osteopenia and osteoporosis, resulting
in remarkable morbidities and disabilities
in the adult population affected by major
thalassemia (3, 4). Generally, untreated major
thalassemia patients experience significant
bone alterations at younger age (5). Decreased
hormone release, specifically sex hormones,
the widespread involvement of the bone

Key point
Thalassemia is the most common genetic defect
worldwide. Increased bone reabsorption in betathalassemia results in osteoporosis. Bone density
is determined in the lumbar vertebras and hip by
employing dual X-ray absorptiometry. Accordingly,
the low-dose of pamidronate is effective in the
osteoporosis among major beta-thalassemia patients.
During six months, the dosage of 1 mg/kg had a
statistically significant effect on bone density and
remarkably improved Z-scores.

marrow, iron overload, iron chelator side
effects and calcium and also vitamin D
deficiency seem to be the main factors
significantly compromising regular bone
function in thalassemia patients (6).
Some treatment regimens have been
developed to target one or some of the
abovementioned factors (7). Increased bone
reabsorption in beta-thalassemia has led to
the administration of bisphosphonates in
these patients. Inhibiting bone reabsorption
by osteoclasts, bisphosphonates increase
bone mineral density (BMD) and prevent
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pathologic fractures in osteopenic bones (8). In this
regard, intravenous pamidronate is superior to other
oral bisphosphonates administered to children daily (1).
However, the impact of pamidronate administration has
not been addressed in children suffering from major
thalassemia and subsequent osteoporosis (7).
Objectives
The present study aimed to assess the impact of
pamidronate on the BMD of major beta-thalassemia
patients to improve the quality of life in these individuals
and facilitate future and further research.
Patients and Methods
Study design
In this qausi-experimental study, for all of the transfusiondependent thalassemia major patients in Motahary center
in Urmia, Bone density was measured in the lumbar
vertebra and hip joint, using dual X-ray absorptiometry.
Patients who bone mineral density was osteoporotic
(Z-score <-2.5 in BMD), after acquiring primary clinical
and lab examinations according to the specified protocol,
were recruited with the observance of inclusion and
exclusion criteria. Each patient was comprehensively
informed about the study and also their rights to withdraw
from the study whenever they wished. Patient followup was performed in accordance with the therapeutic
monitoring.
Study Protocol
Inclusion criteria were as follows; Z-score <-2.5 in BMD,
ferritin level >1000 mg/dL, more than of 10 blood infusions,
more than 100 cc/kg of blood infusion per year and normal
creatinine level and blood counts. Exclusion criteria
included the positive history of bone-related disorders,
leukemia or neoplastic disorders, gastrointestinal disorders
and chronic inflammatory diseases.
Fasting blood samples were collected and submitted
to the hospital laboratory to determine biochemical
values. The levels of calcium, phosphorus, parathormone
hormone (PTH), alkaline phosphatase and vitamin D
were determined in the collected samples. Bone density
was also assessed in the lumbar vertebras and hip using
dual X-ray absorptiometry. The obtained Z-scores
values were compared between age and gender-matched
groups. In this regard, Z-scores >-1, -2 – -2.5 and <-2.5

were considered normal, osteopenia and osteoporosis,
respectively. Pamidronate was administered intravenously
in the monthly dosages of 1 mg/kg over six months.
Following this period, calcium and vitamin D supplements
were administered. Laboratory markers were checked
at the baseline and six months after the emergence of
pamidronate and consequently, variations were calculated.
Statistical analysis
SPSS (Statistical Package for the Social Sciences) software
version 22 was employed to analyse the collected
data statistically applying descriptive statistics such as
percentages, frequencies, mean ± standard deviation,
interquartile range and median. Depending on the
distribution of quantitative data, as determined by the
Kolmogorov-Smirnov test, the paired-sample t test or
Wilcoxon tests was used to analyse data statistically.
Pearson’s coefficient was used to assess the correlation
among the research variables. In this study, P < 0.05 was
set as the significance level.
Results
Of 20 participants, 13 persons (65%) were male and 7
individuals (35%) were female, and also the participants’
mean age was 16.55 ± 3.15 years (range; 10-25 years).
There were statistically significant differences between
the baseline and post-treatment phosphorus, PTH and
alkaline phosphatase (P = 0.0001, P = 0.004 and P = 0.04,
respectively). The baseline and post-treatment values
of laboratory variables are summarized in Table 1 and
presented as mean ± standard deviation or (interquartile
range). The baseline mean of Z-score for lumbar vertebras
was -2.92 ± 1.14, and it reached -1.95 ± 1.2 at the end of the
study after six months (P < 0.001). Moreover, the baseline
mean of Z-score for the hip region was -2.00 (0.65), and
it reached -1.55 (0.77) at the end of the six-month period
(P = 0.01). The baseline and post-treatment Z-scores are
summarized in Table 2.
Discussion
This study aimed to assess the impact of pamidronate
administration in the monthly dosages of 1 mg/kg over
six months on hip and lumbar vertebrae Z-scores in
major beta-thalassemia patients. This treatment regimen
improved the Z-scores of lumbar vertebrae and hip
bone density in patients by 45% and 20%, indicating a

Table 1. Baseline, post-treatment and percentage changes in the values of laboratory variables
Baseline

Percentage changes

P value

Calcium (mg/dL), Mean ± SD

9.65 ± 0.52

9.53 ± 0.45

0.86

0.26

Vitamin D (IU), Mean ± SD

16.9 ± 6.98

19.92 ± 5.67

29.99

0.06

4.45 ± 1

5.9 [0.85]

20

0.001

Alkaline phosphatase (IU/dL), Mean ± SD

333 ± 118.75

275.5 [167.25]

18.65

0.004

Parathormone (ng/mL), Mean ± SD

25.00 ± 43.37

21.5 [29.98]

10.87

0.04

Phosphorus (mg/dL), Mean ± SD

2

Post-treatment

Immunopathologia Persa Volume x, Issue x, 2022

Thalassemia-induced osteoporosis
Table 2. Baseline, post-treatment and percentage changes in the values of Z-score
Baseline
Z-score

Post-treatment

Percentage changes

P value

Lumbar vertebra

-2.92 ± 1.14

-1.95 ± 1.2

<0.001

45.35

Hip

-2.00 ± 0.65

-1.55 ± 0.77

0.01

2.2

statistically significance difference.
Data on the result of calcium and vitamin D
administration in major beta-thalassemia patients
are conflicting. For the first time, Wonke studied the
impact of 15-60 mg pamidronate administration over
six months on BMD in major beta-thalassemia patients
(9). Their findings were consistent with our results
while a significant improvement was observed in BMD
in a majority of the patients. Voskaridou et al examined
the positive impact of pamidronate on osteoporosis in
beta-thalassemia. In their study, 26 patients received
30-60 mg of intravenous pamidronate per month over
12 months and then their bone marrow density and the
markers of osteoclast activity were evaluated to determine
the efficacy of the medication. In this study, 30 healthy
patients were also assigned to the control group. They
concluded that pamidronate administration significantly
reduced the markers of osteoclast activity, leading to a
considerable improvement in bone density of lumbar
vertebrae. No significant difference was noticed between
the administration of 30 and 60 mg of pamidronate (10).
This finding is in line with those of the present study,
especially in terms of significant variations in BMD of
lumbar vertebrae following pamidronate administration.
Skordis et al examined 53 patients (namely 22 males
and 31 females) from Greece. The cohort was divided
into two groups receiving either alendronate (n = 29) or
pamidronate (n = 24) for two years. The variations in bone
density of lumbar vertebrae and the neck of the femur were
analysed. In the pamidronate group, lumbar vertebrae and
femoral neck bone density improved from -2.81 and -2.1 to
-2.2 and -2, respectively, indicating statistically significant
improvement. However, bone density variations were
not significant in the alendronate group (11). In a review
study by Voskaridou and Terpos, bisphosphonates such
as pamidronate could significantly improve bone density
in beta-thalassemia patients. However, a study with longterm follow-up is required to confirm these findings (12).
Patıroğlu et al examined 23 major thalassemia patients
residing in turkey, whose bone density in lumbar vertebrae
and femoral neck were measured at the baseline and two
years after pamidronate administration (15 mg every
three months for a total period of one year). The findings
indicated that this regimen improved bone density in the
femoral neck region significantly. After one year, although
the variations were observable in the bone density of the
lumbar vertebrae, they were not statistically significant.
This is, while variations in bone density were statistically
significant in both regions after two years (7).

Leung et al examined the impact of pamidronate on
bone density in beta-thalassemia patients undergoing
three years of continuous administration. In this regard,
seven patients were included in the study and received
treatment. The Z-scores of lumbar vertebrae at the baseline
and endpoint were -3.0 and -2.1, and also the Z-scores
of hip were -3.1 and -2.1, respectively. They found,
variations in both groups were statistically significant (13).
Stefanopoulos et al assessed the impact of pamidronate
on osteoporosis or osteopenia in 20 patients suffering
from major thalassemia. The patients received 30 mg of
pamidronate/month over one year. The mean Z-scores
of the lumbar spine and hip shifted from -2.98 and -1.96
to -2.44 and -1.47, respectively, revealing significant
differences (14). The aforementioned studies reported
that pamidronate administration positively affected
osteopenia/osteoporosis in patients suffering from major
thalassemia. Additionally, our findings are consistent with
the aforementioned reports.
Increased bone reabsorption in beta-thalassemia
patients and those requiring regular blood transfusion
necessitates the use of reabsorption agents such as
bisphosphonates to manage osteoporosis and osteopenia
better. Bisphosphonates are a group of medications with
remarkable potentials to inhibit bone reabsorption and
are used widely in managing osteoporosis (15-17). These
agents slow down the bone minerals reabsorption process
and at the same time, increase the mineral density of the
bones and retain the chemical and structural properties
of the bone. Accordingly, they prevent the incidence
of pathologic fractures in patients. A body of evidence
suggests that bisphosphonates can significantly reduce
the risk of fractures in both female and male populations
suffering from primary or secondary osteoporosis (1821). Although the pathogenesis of osteoporosis in betathalassemia is complex, increased bone reabsorption is
considered a key factor in this process (21-23).
Bisphosphonates are the strong inhibitors of
osteoclast-related bone reabsorption. At a cellular level,
bisphosphonates are released during reabsorption and
absorbed by osteoclasts, thereby inhibiting these cells
(15-17). Nitrogen-containing bisphosphonates such as
pamidronate cause variations in the skeletal structure of
cells, thus inhibiting osteoclasts and activating apoptosis
pathways in these cells. This is mainly achieved by
synthesizing farnesyl pyrophosphate, a key enzyme
within the mevalonate biosynthesis pathway (24). The
administration of intravenous bisphosphonates is superior
to the ingested forms since complications such as impaired
Immunopathologia Persa Volume x, Issue x, 2022
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gastrointestinal uptake, administration difficulty and drug
adherence are much less frequent (7).
Although a number of studies have examined the impact
of pamidronate on BMD in major thalassemia patients,
there are discrepancies amongst clinicians regarding the
dosage duration of administration. In a recent study by
Bhardwaj et al, the impact of administering intravenous
pamidronate in two separate protocols (45 mg/6 weeks;
n=91; and 90 mg/4 weeks; n = 36) was assessed in betathalassemia patients. It was reported that both protocols
revealed increased bone density (lumbar vertebrae)
in similar manners. Moreover, the Z-scores of lumbar
vertebrae bone density in the first and second groups
improved from -2.95 and -2.92 to -2.53 and -2.81,
respectively, revealing statistically significant differences
in both groups. The recreation of similar results with lower
dosages and administration frequency is mandatory due
to the medication cost and the administration method
(25). This study suggests that the administration of 1mg/
kg of pamidronate monthly significantly improves bone
density in beta-thalassemia patients.
The minimum duration of 12 months is suggested
for the administration of pamidronate (10,24). As
mentioned before, the findings of the present study are
obtained from six months of intravenous treatment with
pamidronate. In this study, in addition to significant
improvements in Z-scores in assessed regions, there was a
remarkable decrease in serum parathormone and alkaline
phosphatase and an increase in serum phosphorus. Serum
alkaline phosphatase reflect bone metabolisms, and an
inverse relationship is observed between serum alkaline
phosphatase and calcium. In other words, increased
alkaline phosphatase values represented increased bone
metabolism and decreased BMD (26). In patients receiving
bisphosphonates, decreased renal phosphate threshold
and subsequently, decreased serum phosphorus are
observed. This is due to the impact of parathormone on
renal tubules in secondary hyperparathyroidism (27). On
the other hand, when no increase in parathormone values
following bisphosphonate administration is observed
due to secondary hyperparathyroidism, a significant and
constant increase in serum phosphorus levels is noticed
following an increase in renal tubular uptake (28).
Conclusion
According to the current study’s findings, the intravenous
administration of pamidronate (1 mg/kg/mon over a period
of six months) improves bone density in major thalassemia
patients and those requiring chronic and regular blood
transfusions. Further studies with larger sample sizes and
longer follow-up periods are recommended.
Limitations of the study
NM, GF and GS were the principal investigators of the
study. NM, GF and GS were included in preparing the
concept and design. NM and GF revisited the manuscript
and critically evaluated the intellectual contents. All authors
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intellectual contents. All authors have read and approved
the content of the manuscript and confirmed the accuracy
or integrity of any part of the work.
Conflicts of interest
The authors declare that there is not any conflict of interest.
Ethical issues
The research followed the principles of the Declaration of
Helsinki. The Ethics Committee of the Urmia University of Medical
Sciences approved the study protocols (Code: IR.USBMSU.MSP.
REC.13946.133900). Accordingly, written informed consent was
obtained from all participants prior to the intervention. This study
was extracted from an M.D thesis by Sima Gitifar at the Urmia
University of Medical Sciences (94-0-32-1774). Additionally, ethical
issues (including plagiarism, data fabrication, double publication)
were completely observed by the authors.
Funding/Support
None to be declared.
References
1. Nienhuis AW, Nathan DG. Pathophysiology and Clinical
Manifestations of the β-Thalassemias. Cold Spring Harb
Perspect Med. 2012;2:a011726. doi: 10.1101/cshperspect.
a011726.
2. Rund D, Rachmilewitz E. β-Thalassemia. N Engl J Med. 2005;
353:1135-46. doi: 10.1056/NEJMra050436.
3. Voskaridou E, Terpos E. New insights into the pathophysiology
and management of osteoporosis in patients with beta
thalassaemia. Br J Haematol. 2004;127:127-39. doi:
10.1111/j.1365-2141.2004.05143.x
4. Perrotta S, Cappellini MD, Bertoldo F, Servedio V, Iolascon G,
D’Agruma L, et al. Osteoporosis in beta-thalassaemia major
patients: analysis of the genetic background. Br J Haematol.
2000;111:461-6. doi: 10.1046/j.1365-2141.2000.02382.x.
5. Jensen CE, Tuck SM, Agnew JE, Koneru S, Morris RW, Yardumian
A, et al. High incidence of osteoporosis in thalassaemia major.
J Pediatr Endocrinol Metab. 1998;11Suppl 3:975-7.
6. Yılmaz K, Kan A, Guli M, Uzel V, Yılmaz D, Akif Deniz M, et al.
Relationship Between Pituitary Siderosis and Endocrinological
Disorders in Pediatric Patients with Beta-Thalassemia. Cureus.
2021;13:e12877. doi: 10.7759/cureus.12877.
7. Patıroğlu T, Altuner YT, Kula M, Karakükçü M. Treatment
of thalassemia-induced osteoporosis with intermittent
pamidronate infusions: Two-year follow up. Turk J Haematol.
2008;25:79-82.
8. Terpos E, Voskaridou E. Treatment options for thalassemia
patients with osteoporosis. Ann N Y Acad Sci. 2010; 1202:23743. doi: 10.1111/j.1749-6632.2010.05542.x.
9. Wonke B. Clinical management of β-thalassemia major.
Semin Hematol. 2001;38:350-9.
doi: 10.1016/s00371963(01)90029-0.
10. Voskaridou E, Terpos E, Spina G, Palermos J, Rahemtulla A,
Loutradi A, et al. Pamidronate is an effective treatment for
osteoporosis in patients with beta-thalassaemia. Br J Haematol.
2003;123:730-7. doi: 10.1046/j.1365-2141.2003.04657.x.
11. Skordis N, Ioannou YS, Kyriakou A, Savva SC, Efstathiou E,
Savvides I, et al. Effect of bisphosphonate treatment on bone
mineral density in patients with thalassaemia major. Pediatr
Endocrinol Rev. 2008;6 Suppl 1:144-8.
12. Voskaridou E, Terpos E. Pathogenesis and management of
osteoporosis in thalassemia. Pediatr Endocrinol Rev. 2008;6
Suppl 1:86-93.
13. Leung TF, Chu Y, Lee V, Cheng FW, Leung WK, Shing MM, et
al. Long-term effects of pamidronate in thalassemic patients

Thalassemia-induced osteoporosis

14.

15.

16.

17.

18.

19.

20.

21.

with severe bone mineral density deficits. Hemoglobin. 2009;
33:361-9. doi: 10.3109/03630260903210377.
Stefanopoulos D, Papaioannou NA, Papavassiliou AG,
Mastorakos G, Vryonidou A, Michou A, et al. A contemporary
therapeutic approach to bone disease in beta-thalassemia
- a review. J Frailty Sarcopenia Falls. 2018;3:13-25. doi:
10.22540/JFSF-03-013.
Diab DL, Watts NB .Postmenopausal osteoporosis. Curr Opin
Endocrinol Diabetes Obes. 2013;20:501-9. doi: 10.1097/01.
med.0000436194.10599.94.
Nitta K, Yajima A, Tsuchiya K. Management of osteoporosis
in chronic kidney disease. Intern Med. 2017; 56:3271-6. doi:
10.2169/internalmedicine.8618-16.
Harvey NC, McCloskey E, Kanis JA, Compston J, Cooper C.
Bisphosphonates in osteoporosis: NICE and easy? Lancet.
2017; 390:2243-2244. doi: 10.1016/S0140-6736(17)32850-7.
Chesnut CH, Skag A, Christiansen C, Recker R, Stakkestad
JA, Hoiseth A, et al. Effects of oral ibandronate administered
daily or intermittently on fracture risk in postmenopausal
osteoporosis. J Bone Miner Res. 2004;19:1241-9. doi:
10.1359/JBMR.040325.
Black DM, Delmas PD, Eastell R, Reid IR, Boonen S, Cauley
JA, et al. Once-yearly zoledronic acid for treatment of
postmenopausal osteoporosis. N Engl J Med. 2007; 356:180922. doi: 10.1056/NEJMoa067312.
Lyles KW, Colón-Emeric CS, Magaziner JS, Adachi JD, Pieper
CF, Mautalen C, et al. Zoledronic acid and clinical fractures
and mortality after hip fracture. N Engl J Med. 2007; 357:1799809. doi: 10.1056/NEJMoa074941.
McCloskey EV, Beneton M, Charlesworth D, Kayan K,
deTakats D, Dey A, et al. Clodronate reduces the incidence

22.

23.
24.

25.

26.

27.

28.

of fractures in community-dwelling elderly women unselected
for osteoporosis: results of a double-blind, placebo-controlled
randomized study. J Bone Miner Res. 2007;22:135-41. doi:
10.1359/jbmr.061008.
Dede AD, Trovas G, Chronopoulos E, Triantafyllopoulos
IK, Dontas I, Papaioannou N, et al. Thalassemia-associated
osteoporosis: a systematic review on treatment and brief
overview of the disease. Osteoprosis Int. 2016;27:3409-25.
doi: 10.1007/s00198-016-3719-z.
Yiğitoğlu PH, Güzel R. Osteoporosis in thalassemia major. Turk
J Osteopros. 2012;18:89-91.
Giusti A. Bisphosphonates in the management of thalassemiaassociated osteoporosis: a systematic review of randomised
controlled trials. J Bone Miner Metab. 2014;32(6):606-15. doi:
10.1007/s00774-014-0584-8.
Bhardwaj A, Swe KM, Sinha NK, Osunkwo I. Treatment for
osteoporosis in people with ß-thalassaemia. Cochrane Database
Syst Rev. 2016;3:CD010429. doi: 10.1002/14651858.
CD010429.pub2.
Inati A, Noureldine MA, Mansour A, Abbas HA. Endocrine
and bone complications in β-thalassemia intermedia:
current understanding and treatment. Biomed Res Int. 2015;
2015:813098. doi: 10.1155/2015/813098.
Vasikaran SD, O’Doherty DP, McCloskey EV, Gertz B,
Kahn S, Kanis JA. The effect of alendronate on renal tubular
reabsorption of phosphate. Bone Miner. 1994;27:51-6. doi:
10.1016/s0169-6009(08)80186-9.
McCloskey EV, Yates AJ, Gray RE, Hamdy NA, Galloway J, Kanis
JA. Diphosphonates and phosphate homoeostasis in man. Clin
Sci (Lond). 1988;74:607-12. doi: 10.1042/cs0740607.

Immunopathologia Persa Volume x, Issue x, 2022

5

