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ANATOMY

Thalassemia Major and Bone Loss: Things to Ponder

Pasuk Mahakkanukrauh1),  Apichat Sinthubua2),  Srijit Das3)

ABSTRACT
Objective & aims: Thalassemia major (TM) is a hemolytic disorder which arises due to defect in the genes. While the inci-

dence of the disease increases globally, much needs to be understood with respect to the bone loss which occurs in this disease. 
Osteoporosis seen in TM patients throw up a huge challenge for treatment as it affects the younger age group. The present 
review aimed to describe the bone loss due to various pathological mechanisms in TM.

Methods: A narrative review was done and all aspects of bone loss in TM were discussed.
Design: The Pubmed and Google databases were searched for relevant articles on bone loss in TM patients.
Results: Endocrinopathies, hormonal disturbances, genetic factors, signalling pathways and iron level may influence the con-

dition of the bones in TM.
Conclusion: All future treatment for bone loss in TM patients should consider the risk factors and aim at restoring the bone 

loss.
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INTRODUCTION

Thalassemia word was derived from the Greek words thalassa 
which means "sea" and haema which means "of blood". In earlier times, 
thalassemia was more common in the Mediterranean region but now it 
is found in Middle-East, India, South-East Asia and other parts of the 
world. Approximately 1.5% off the global population are heterozygotes 
(carriers) of the β-thalassemias1).

Thalassemia is an autosomal recessive disorder. In thalassemia, the 
mutation usually occurs in the α or β globin gene and this results in phe-
notypes with different grades of anaemia. It is to be noted that α thalas-
semia is caused by gene deletion. In β-thalassaemia, there is reduced 
synthesis (β+) or absence (βo) of the β-globin chains in the HbA mole-
cule. When there is an imbalanced production of α or β globin gene, 
there is damage to the precursors of red blood cells (RBC) and mature 
RBCs and thereby it results in anaemia. Hence, there is a need for RBC 
transfusion.

Thalassemia major (TM) is a disease in which the main reasons for 
mortality and morbidity is osteopathy2). It usually manifests as osteope-
nia and osteoporosis3). There is increased rate of osteoporosis and the 
chances of fractures also increases. Thalassemic osteopathy is a major 
cause of concern and there are various etiological factors which contrib-
ute to it. These include hematopoiesis, iron toxicity, iron chelators toxic-
ity, endocrinopathies, and genetic factors4). In spite of regular transfu-
sion, bone replacement therapies and chelating treatment, the bone 
demineralization was detected in up to 92.7% cases5). Even with normal-
ization in the level of hemoglobin and adequate hormone replacement 
and effective iron chelation therapy, the resorption of the bone contin-
ues.

We had the opportunity to study in detail, the bones of a 20-year-old 
Thai lady who died due to TM. The bones were received from the 

Forensic Osteologic Research Centre in Chiang Mai University, 
Thailand. The bones consisted mainly, the sacrum, hip bone, the ribs 
and they were photographed to show how it had multiple porous like 
appearance (Fig.1). This clearly explains the decrease in bone mineral 
density and the risks for fractures in these bones.

The main challenge in TM: bone fractures
TM is associated with various osseous abnormalities. Bone fracture 

are very common in TM patients. Few of the reasons attributed to defor-
mities in the long bones of the body are pathological fractures and pre-
mature epiphyseal fusion6). Researchers described "underlying massive 
ineffective erythropoiesis, erythroid expansion of medullary bone with 
thinning of cortical bone, as well as metabolic and endocrine dysfunc-
tion secondary to transfusional iron load" as the main reasons for the 
pathogenesis of the bone involvement in TM7).

In the earlier 60s and 70s, the transfusion and chelation regimens 
were not optimised and this was the reason why the incidence of bone 
fractures were high6). The main challenge is the low bone mass in TM 
patients.

One of the earliest research studies was published in 1976 on the 
bone deformities and the fractures in patients with homozygous-β 
Thalassemia and it reported 33% fractures6). There was another study in 
the 1980s which reported 30-50% fracture8). Gradually, in the 1990s, an 
incidence of 15-19% fractures were reported9). Also, similar studies in 
South-East Asia showed decrease in fracture rates10). An extant search of 
literature reveals that fracture incidence in the population is bimodal, 
and peaks are seen in youth and elderly11). Another study revealed that 
prior to the age of 20 years, the fractures are more common in long 
bones and in males compared to females12). The reasons attributed to 
such are lifestyle activities or sports12). The incidence was again found to 
be more in women above the age of 40 years13). The reasons for such 
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may be the decrease in the bone mass. An interesting aspect to note is 
the decrease in quality of life which was found to be lower in females 
compared to males in a study done in Maldives14).

It has to be kept in mind that osteoporosis seen in TM needs a dif-
ferent approach as it involves younger age group in the population. A 
variety of risk factors have been described by researchers and they 
include hormonal deficiency, marrow expansion, iron toxicity, chelator 
toxicity, and increased bone turnover15). There are few reports which 
even suggested less incidence of fractures in TM patients less than 20 
years because of less physical activity or even overprotection by their 
parents16). The same study opined that prevalence of fracture increases 
with lower lumbar mass16).

Hypogonadism, diabetes mellitus, hypothyroidism, and hypopara-
thyroidism are few other complications that are associated with TM17).  
Hence, they are also expected to cause changes in the bone mass. A 
research study found that increase in the serum ferritin levels, poor com-
pliance with desferioxamine therapy, early onset of transfusion therapy 
in cases of hypogonadism and splenectomy done for hypothyroidism 
were the main risk factors in this disease17).

Factors which result in bone loss in TM patients

(i) Genetic factors

Research studies found that genetic factors influence approximately 
70% of variance in bone mineral density (BMD)18). Vitamin D receptor 
(VDR) is a nuclear transcription factor which is responsible for the 
action of vitamin D and it is encoded by a gene located on chromosome 
12q1219). The VDR genetic variations can influence the activity of VDR 
protein and this can possibly explain the bone mineral loss in TM 
patients20). Not many research studies have ascertained the VDR genetic 
variations on the BMD of population except few ones21,22). Calcitonin 
receptor gene may also be linked to osteoporosis in TM patients.

(ii) Signalling pathways

Nuclear factor-kappaB ligand (RANKL)/RANK/osteoprotegerin 
(OPG) system have an important role in the bone resorption. The 
RANKL/RANK signalling is responsible for the formation of multinu-
cleated osteoclasts from their precursors23). Research studies have 
observed that osteoprotegerin (OPG) acts as a natural decoy receptor to 
RANK by the action of binding to RANKL and this leads to reduced 
osteoclast formation and differentiation23). Treatment with sex hormone 
may reduce RANKL and reduce the increase in bone resorption. 

Sclerostin, a Wnt signaling inhibitor was also found to be increased 
in TM patients and it may have an effect on the BMD. Hence, sclerostin 
pathway may also play an important role. Dickkopf-1 is an inhibitor of 
Wnt signalling and its levels were found to increase and correlated with 
increased bone turnover markers and reduced BMD in bones such as the 
lumbar spine and distal part of the radius24).

(iii) Excess Iron

Osteoblasts are derived from mesenchymal stem cells and they are 
the main cells which are responsible for the bone formation. All activi-
ties regarding laying down of matrix and mineralization are linked to 
osteoblasts25). In experimental animals, iron overload caused increased 
reactive oxidative stress and as a consequence, there was much bone 
resorption and cortical bone thinning26). Iron overload can also have neg-
ative effect on the bones and also influence the hormones secreted by 
the pituitary gland. One of the risk factors in TM patients may also be 
serum ferritin.

(iv) Endocrinopathies and role of hormones

Hypogonadotrophic hypogonadism may contribute to osteopenia in 
TM patients. Hence,the use of bisphosphonates and hormonal replace-
ment therapy may prove to be beneficial for preserving the bone mass.

Regulation of bone growth is possible due to growth hormone (GH). 
If there is an increase in GH, then there is an increase in the osteoclast 
formation. It was observed that GH initially increased bone resorption 
with a concomitant bone loss and later on, there was a phase of 
increased bone formation, and an increase in bone mass even after 6 
months and it lasted for up to 12-18 months of GH treatment27). Hence, 
there may be a transition point when the bone mass is increased because 
initial decrease in bone mass takes some time to get replaced. 

Presence of diabetes, hyperthyroidism and disturbances related to 
the parathyroid gland may be also considered as risk factors for bone 
loss in TM patients. In all such conditions, the bone resorption is more 
and due to decreased BMD, there are increased chances of fractures. All 
underlying treatment aims at use of bisphosphonates.

CONCLUSION

TM is a disease in which there is much bone loss. This bone loss 
occurs due to multiple factors and the bones are more vulnerable to frac-
tures. All treatment should aim at checking the bone loss and increasing 
BMD.
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