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Abstract
Summary Thalassemia-associated osteoporosis constitutes a
major complication in patients with thalassemia. This review
presents the existing studies on the treatment of thalassemia-
associated osteoporosis and discusses the management of this
debilitating complication. A brief presentation of the disease
characteristics and pathogenetic mechanisms is also provided.

The life expectancy of patients with thalassemia has in-
creased markedly in recent years resulting in the aging of the
population and the emergence of new comorbidities. The ma-
jority of patients with thalassemia have low bone mineral den-
sity and experience lifelong fracture rates as high as 71%. The
pathogenesis of thalassemia-associated osteoporosis (TAO) is
multifactorial with anemia and iron overload playing crucial
role in its development. Data concerning the prevention and
treatment of TAO are extremely limited. We performed a lit-
erature research in Pubmed and Scopus to identify interven-
tional studies evaluating the effects of various agents on TAO.
Seventeen studies were retrieved. We present the results of
these studies as well as a brief overview of TAO including
presentation, pathogenesis, and management. Most of the
studies identified are of poor quality, are not randomized
controlled, and include small number of participants.
There are no data concerning effects on fracture rates.

Bisphosphonates are the most widely studied agents and
among them zoledronic acid is the most well studied.
Hormone replacement treatment (HRT) shows beneficial
but small effects. Denosumab and strontium ranelate have
each been evaluated in only a single study, while there are
no data about the effects of anabolic agents. Given the
increased life expectancy and the increase in fracture rates
with age, more data about the management of TAO are
warranted. Moreover, due to the need for lifelong man-
agement starting at young age, careful treatment plans
which may include sequential treatment may often be re-
quired. However, currently, there are no relevant data
available.
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Introduction

The thalassemias constitute a group of hereditary disorders in
the synthesis of hemoglobin (Hb), resulting in various degrees
of anemia. The spectrum of the disease ranges from mild
anemia to intrauterine death. Milder forms, grouped under
Bthalassemia intermedia,^ only occasionally require transfu-
sion therapy, whereas, in more severe cases, grouped under
Bthalassemia major,^ regular transfusion therapy is usually
required to maintain acceptable Hb levels, as well as chelation
therapy to prevent iron overload [1]. Iron overload is a cardi-
nal manifestation of the disease and is associated with most of
the complications in these patients [2]. According to WHO,
worldwide and yearly, there are about 56,000 conceptions
affected by thalassemia and at least 30,000 of them need reg-
ular transfusions to survive while 5500 die perinatally. Most
children with thalassemia are born in low-income countries;
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however, worldwide transfusion is available only for a small
fraction of those who need it (12 %). Alpha-thalassemia major
is lethal perinatally, and beta-thalassemia major is lethal by the
age of 3 in children unable to receive transfusion. In countries
where screening and prevention programs are established, the
number of births decreases, whereas the advances in treatment
have led to increasing life expectancy resulting in a worldwide
population of 100,000 patients with beta-thalassemia under
transfusion [3].

Despite regular transfusion and chelation therapy, patients
with thalassemia exhibit increased mortality rate as compared
with the general population [4]. However, in the recent years,
where access to proper treatment is available, their life expec-
tancy seems to be increased [5], thus, age-related conditions
become more prevalent and chronic co-morbidities require
lifelong management plans. Thalassemia-associated osteopo-
rosis (TAO) constitutes a very frequent co-morbidity, even in
appropriately treated patients [6], with a lifetime fracture rate
up to 71 % [7]. Most patients require lifelong management,
which can be particularly challenging given the complex path-
ophysiology of their bone disease and the lack of large well-
designed interventional studies.

We aimed to systematically review the available data re-
garding the use of various therapeutic options for the manage-
ment of thalassemia-associated osteoporosis and to provide a
brief overview of the complex pathophysiology of the disease
and its principal characteristics.

Methods

We performed a literature search in Pubmed and Scopus on
May 2016 using the words thalassemia AND osteoporosis
AND bisphosphonates/denosumab/strontium ranelate/
teriparatide/hormone replacement therapy/growth hormone/
calcium and vitamin D. Search was limited to English litera-
ture and dated from 1990 onward. One hundred forty-nine
articles were retrieved. From these, we sought to identify all
the interventional studies and 17 studies were identified.
Cross-sectional studies describing findings between treated
and non-treated patients were excluded. The relevant flow
chart is depicted in Fig. 1.

Fractures, bone mineral density, bone accrual, and bone
turnover in thalassemia

Thalassemia had been associated with increased risk of frac-
ture, especially before the advances in transfusion and chela-
tion treatment, with fracture rates varying from 30 to 50 % in
earlier cohorts [8–10]. In recent studies, fracture rates range
from 12.1 to 38.8% depending on study population and meth-
od of data collection [11–13]. In even more recent and more
aged cohorts, however, the prevalence of history of fracture

escalates to 55 % for adults with thalassemia major and to
71 % for adults with thalassemia intermedia, while fracture
rates in children are no longer increased compared to the gen-
eral population [7]. The new increase in fracture rates ob-
served in more recent studies in the western world seems to
be associated with the aging population in these cohorts which
is the result of a combination of fewer new cases and increased
life expectancy of the existing cases. However, in eastern
countries, higher fracture rates are still observed in pediatric
populations [14] mainly due to the inadequacy in blood trans-
fusions and chelation schemes. This results in a discrepancy
between the developing countries, where fractures are of con-
cern even from childhood and where there is room for im-
provement by optimizing transfusion and chelation, and the
western world, where fractures are becoming of increasing
concern in aging thalassemia groups, irrespective of the ad-
vances in the disease management.

Extremity fractures are the most common [7], and the up-
per extremity seems to be the most common fracture site [11].
Vertebral fractures seem to be less common although their
prevalence is usually underestimated in self-reported studies

Fig. 1 Flow chart of studies’ identification. We sought to identify all the
interventional studies on thalassemia-associated osteoporosis, including
even low quality studies, as data on the field are very limited
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[15]. Unrecognized vertebral deformities are prevalent in 2.6–
13 % [7, 15].

The severity of the thalassemia syndrome, which is
reflected in the degree of anemia, and the resultant need for
more regular transfusion schemes, as well as the increasing
age, seem to be important factors affecting fracture risk [7, 11,
12, 15]. Moreover, as in the general population, there is good
correlation between bone mineral density (BMD) and frac-
tures, and thalassemia patients with fractures tend to have
lower BMD T-scores and Z-scores [7, 12] and are more likely
to be hypogonadal and on hormone replacement treatment
(HRT) [7, 11, 12].

Some degree of BMD deficit (namely osteopenia or osteo-
porosis, defined by densitometric criteria) in at least one skel-
etal site is estimated to be found in up to 92.7 % of optimally
transfused (with pre-transfusion Hb levels at 9–9.5 g/dl) and
well chelated adult patients [6]. The spine is more severely
affected than other skeletal sites and BMD Z-scores are usu-
ally lower at the lumbar spine (LS) than at the hip [7].

Bone accrual during adolescence is disrupted in patients
with thalassemia. It is noteworthy that although low BMD
(with Z-score value <−2) is prevalent in less than 10 % of
patients aged 6–10 years, the percentage increases to 44 %
for adolescents 11–19 years old and exceeds 60 % for adults
>20 years old [7]. The inability to proceed normally through
puberty, with delay in sexual maturation, is an important factor
affecting BMD during adolescence in patients with thalasse-
mia [16]. This has deleterious effects on peak bone mass and
among patients aged 20–29 years old, 86 % of them display
spine BMD Z-scores <−1, indicating suboptimal peak bone
mass [7].

Apart from the suboptimal bone mass, there is also a con-
tinuous and gradual decline in bone mass at the femoral neck
(FN) and total body, which is more prevalent among males
than females [17]. On the contrary, BMD at the LS stays rather
stable or may even increase, indicating that the hip is the best
skeletal site to assess changes during follow-up.

Patients with beta-thalassemia display increased bone re-
sorption, especially when hypogonadal [18]; however, in-
creased bone turnover markers have also been described in
patients with normal gonadal function [7, 19]. There is evi-
dence that alterations in the receptor activator of nuclear factor
kappa-B ligand (RANKL)/osteoprotegerin (OPG) system
may have a role in the pathogenesis of increased bone resorp-
tion [20]. However, increased bone resorption has not been
identified in most histomorphometric studies [21, 22], al-
though there are limited data.

As far as bone formation is concerned, studies evaluating
bone formation markers have conferred conflicting results [7,
18, 20]. However, histomorphometry studies suggest a possi-
ble impairment of bone formation. Iron overload has been
associated with iron deposition on mineralization fronts, oste-
oid surfaces, and bone marrow spaces [21–23] and exhibits a

negative correlation with trabecular bone volume and BMD
[22]. A direct effect of iron on osteoblasts with intracellular
iron deposits and mitochondrial damage has been observed
[23], as well as a decrease in osteoblast recruitment [21].
However, bone formation rate has been described as either
normal [22] or decreased [21], depending on study population
(transfusion dependent vs non-dependent and adults vs chil-
dren and adolescents). It has been suggested that there might
be differences in bone turnover between thalassemia major
and intermedia [24]. A non-randomized case control study
including nine patients with paired bone biopsies reported that
patients with thalassemia major have high bone turnover and
respond favorably to BSPs in terms of BMD, while patients
with thalassemia intermedia had evidence of low bone turn-
over and poor response to pamidronate. However, their find-
ings must be interpreted with caution given that the number of
biopsies was small (three patients with thalassemia
intermedia), while following pamidronate there was increase
in indices of both resorption and formation, a finding difficult
to interpret [24].

Findings consistent with osteomalacia have also been de-
scribed, although not invariably [21, 23, 25]. The inconsisten-
cy of findings is likely attributed to differences in the severity
of anemia, adequacy of transfusion therapy, and level of iron
overload.

It is possible that alterations in the Wnt/b catenin signaling
might be implicated in the development of TAO. Sclerostin
levels in patients with beta-thalassemia are increased and cor-
relate positively with LS Z-score, while Dickkopf-1 levels are
also increased and correlate negatively with LS BMD [26, 27].
These findings are in keeping with previous studies showing
positive correlations between serum sclerostin levels and BMD
in postmenopausal women [28] and negative associations be-
tween serum Dickkopf-1 levels and BMD [29]. Notably, in
patients with sclerostin deficiency, the levels of Dickkopf-1
are increased and this is probably an adaptive mechanism to
sclerostin deficiency even though it cannot compensate for the
increased bone formation observed in these patients [30]. It
would be extremely difficult to say which of the above findings
in thalassemia are primary disorders affecting bone health and
which ones constitute adaptive responses, and these data high-
light the complexity of the Wnt/b catenin system and the lim-
itations in linking its inhibitors’ circulating levels with their
effects at the bone microenvironment.

Pathogenetic mechanisms

The pathogenesis of thalassemia-associated osteoporosis is
multifactorial (Fig. 2). Anemia itself, along with iron overload
and its associated complications, can all have detrimental ef-
fects on bone health. The ineffective erythropoiesis can cause
a fivefold to sixfold increase in the number of erythroid pre-
cursors resulting in bone marrow expansion [31]. Regular
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transfusion therapy is able to suppress bone marrow expan-
sion; the degree of suppression depends on transfusion regi-
men and target pre-transfusion Hb levels; however, even with
hypertransfusion (which is generally avoided due to its
effect in iron overload), erythroid activity is not completely
normal [32]. Other factors associated with anemia and in-
effective erythropoiesis including hypoxia, increased
erythropoietin levels, and reduced hepcidin levels may ex-
ert negative affects in bone homeostasis primarily by
disrupting bone formation [33–35] but also by increasing
bone resorption [33, 36].

Iron overload is caused both by the transfusion iron burden
and by a disruption in the hepcidin-ferropontin axis, leading to
increased iron absorption by the gastrointestinal tract. It is one
of the most important factors in the development of TAO and
exerts both direct and indirect effects on bone metabolism.
Iron directly disrupts bone formation [35, 37], has toxic effects
on osteoblasts [23], and induces a decrease in the recruitment
of cells of the osteoblastic lineage [21]. On the other hand,
iron deposition results in several complications such as liver
disease, cardiac dysfunction, and several endocrine disorders
which are also implicated in the development of TAO.
However, attempts to associate the iron burden with TAO
have been rather unsuccessful. Ferritin is one of the most
useful and handy tools to assess iron overload, albeit with
several limitations, and researchers have failed to demonstrate
a constant correlation between serum ferritin levels and LS or
hip BMD [7, 17] or between ferritin levels and fractures [11].

The endocrine system is particularly vulnerable to the ef-
fects of iron deposition. Hypogonadism, hypothyroidism, hy-
poparathyroidism, overt diabetes mellitus (DM) or impaired
glucose tolerance (IGT), and disruption of the growth hor-
mone (GH)—insulin-like growth factor 1 (IGF-1) axis are
all endocrine disorders that are prevalent even in appropriately

treated patients with thalassemia [6]. Hypogonadism is the
most common endocrine deficiency [6, 38], and hypogonadal
thalassemia patients have lower BMD compared to those with
normal gonadal function, even if they are on replacement
therapy [6]. Hypogonadism is particularly important when
present during the second decade of life leading to lack of
spontaneous puberty and thus impairing bone accrual [16, 39].

Iron overload can also result in hypothyroidism primarily
by direct effects on the thyroid gland [39]. Thyroid hormones
are known to play an important role in the development and
maintenance of the skeleton, and hypothyroidism is associated
with significant growth retardation [40]. Data, however, about
the association of hypothyroidism and fractures in thalassemia
are contradictory [11, 12], probably because of differences in
the adequacy and timing of thyroid hormone replacement on
different populations.

Hypoparathyroidism affects approximately 13.5 % of adult
patients with thalassemia; however, it does not appear to be
associated with TAO [41]. On the contrary, the presence of
hypoparathyroidism has been correlated with higher hip BMD
in thalassemia patients [6]. However, hypoparathyroidism
may play a part in the development of hypercalciuria and
nephrolithiasis.

DM is associated with increased fracture risk and this can
be observed even in the context of normal or increased BMD
[42]. In patients with thalassemia, however, DM does not
seem to be an independent risk factor for low BMD [6, 7] or
for fractures [12].

Diminished peak GH secretion after growth hormone-
releasing hormone (GHRH) infusion as well as low IGH-1
levels are quite common in patients with thalassemia and have
been associated with diminished hip BMD values [43]. Low
IGF-1 levels in thalassemia are not only due to the reduced
GH secretion but might also be related to chronic liver disease,

Fig. 2 Pathogenetic mechanisms
implicated in thalassemia-
associated osteoporosis (TAO).
Anemia itself and iron overload
are the key components in the
development of TAO
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which is induced either by iron overload, viral hepatitis, or by
a combination of both.

Chronic hepatitis C is highly prevalent among adult pa-
tients with thalassemia and contributes along with the in-
creased hepatic iron concentration to the development of liver
disease and cirrhosis [38]. This could also contribute to TAO
by affecting IGF-1 levels or, in severe cases, by disrupting
vitamin D metabolism.

Renal dysfunction expressed as renal hyperfiltration, hy-
percalciuria, albuminuria phosphaturia, and hyperuricosuria
is common in patients with thalassemia [44] and is believed
to be associated with iron overload. There are data suggesting
that ferritin correlates well with renal dysfunction and that
kidney damage can be at least partly reversible with improve-
ment of iron chelation [45]. Anemia itself, or through hypoxia
and oxidative stress, can also be associated with the kidney
damage in thalassemia, while there are data that iron chelators
can also play a role [45]. It is suggested that one third of
patients exhibit some degree of hypercalciuria and that there
is an association between regular transfusion and the degree
and frequency of hypercalciuria [46]. Recently, Baldan et al.
demonstrated that hypercalciuria in patients with thalassemia
is associated with decreased levels in soluble Klotho [47].
Interestingly, lower levels of Klotho were also associated with
higher prevalence of fragility fractures. Moreover, in thalasse-
mia patients, there is an association between hypercalciuria
and lower BMD, which is more pronounced for LS BMD
[48]. Nephrolithiasis is prevalent in up to 18 % of patients
with thalassemia and interestingly, its presence is associated
with lower FN BMD and, in males, with higher fracture rates,
even after adjusting for confounders [49].

Even though iron chelation constitutes an invaluable tool in
the management of thalassemia, there are several data
concerning the deleterious effects of desferrioxamine on the
skeleton. In a retrospective study, up to 39 % of young chil-
dren with thalassemia exhibited signs of desferrioxamine-
induced bone dysplasia consisting of metaphyseal sclerosis
in long bones, irregular sclerosis at the costochondral junc-
tions, and platyspondyly [50]. Bone dysplasia is associated
with increased doses of desferrioxamine and reduced ferritin
levels [51] and can contribute to growth retardation and lower
standing height [50, 51]. Current guidance about the use of
desferrioxamine suggests a careful approach not to exceed
recommended doses until linear growth has ceased and calls
for particular attention when treatment is initiated at younger
ages (< 3 years) [52].

As far as the newer chelation regiments are concerned, one
longitudinal study found that in that particular cohort, bone
loss was more severe during the period when most patients
were switched from desferrioxamine to deferasirox [17]. A
possible explanation could be its association with renal tubular
dysfunction [53]. Interestingly, it has been demonstrated that
patients on deferasirox are more prone to developing

hypercalciuria in a dose-dependent manner [54]. The effect
of this finding on skeletal health certainly needs to be investi-
gated. However, in another longitudinal study, patients treated
with deferasirox maintained stable hip BMD values during
follow-up [55]. More data about the effects of newer chelation
medications are definitely warranted, and careful monitoring
of renal function in patients receiving deferasirox is recom-
mended [52].

Patients with thalassemia display lower 25 hydroxy-
vitamin D (25OHD) levels compared to healthy controls and
up to 42.8 % of patients with thalassemia major display levels
<20 ng/ml [56]. Severe deficiency (25OHD <10.4–11 ng/ml)
is described in 10 to 12 % of patients [7, 56]. 25OHD levels
are inversely correlated with ferritin levels and age [56], and
Asian ethnicity is another risk factor for low vitamin D levels
[57]. Patients with deficiency have significantly lower BMD
[7]. The reasons for lower 25OHD are still unclear; however,
it is postulated that defective skin synthesis associated with
jaundice might be implicated. Moreover, reduced physical
activity due to the anemia and consequently lower sun expo-
sure might contribute, while, in patients with severe liver dis-
ease, reduced 25-hydroxylase activity may also play a part.

Micronutrient deficiency is considered common in patients
with thalassemia and is related either to reduced intake or to
increased requirements. Some of them, such as zinc, are
thought to play an important role in the development of
TAO [58].

Reduced physical activity as a consequence of chronic ane-
mia is thought to contribute to the development of TAO.
However, there are no data about the levels of physical activity
in adequately managed patients with thalassemia. Physical
activity is generally known to be associated with body com-
position, and in patients with thalassemia, very high levels of
physical activity are correlated with higher lean mass and
BMD [59]. Notably, there was no association between phys-
ical activity and BMD for patients with low or moderate phys-
ical activity.

Pain in patients with thalassemia

Pain is a common complaint of thalassemia patients [7, 60],
although not necessarily an effect of reduced BMD and frac-
tures. Thirty-seven percent of patients report having pain dur-
ing the past 7 days, while 64 % report having pain over the
past 4 weeks [61]. Pain seems to interfere with all measures of
life activities [61, 62] and to influence the quality of life [62].
The most common site is the lower back although many pa-
tients report pain in various sites, such as legs, upper back, or
head [60, 61]. When comparing patients who report pain to
those who do not, patient groups do not differ in terms of Hb
levels, iron overload, chelation regiment, history of fractures,
bisphosphonates (BSPs) use, or BMD [7, 61]. However, in
controlled trials with the use of BSPs for thalassemia-
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associated osteoporosis, these agents have been shown to be
effective in reducing pain in patients with thalassemia
[63–65]. An association of pain severity with low 25OHD
levels has been reported [60], however, not consistently [7].
Increasing age is the most significant factor associated consis-
tently both with pain prevalence and severity [7, 60, 61, 66].
Among patients who report having pain, those who require
more frequent transfusion therapy report pain more often,
however, rather unexpectedly, so do patients with higher
pre-transfusion Hb levels. Even though pain is thought to be
associated with bone marrow expansion, it is not yet entirely
clear if the transfusion reduces pre-transfusion pain [66].

Challenges in assessing bone health in thalassemia

The best modality to assess bone health and to estimate frac-
ture risk in patients with thalassemia has not been established
yet. In general, dual energy X-ray absorptiometry (DXA) is
considered the gold standard in assessing bone health, and
there is good correlation between DXA derived T-scores and
fracture risk in postmenopausal osteoporosis. Likewise, in pa-
tients with thalassemia, there is good correlation between
DXA-derived Z-scores and fracture risk and for this reason,
DXA is considered the method of choice to assess bone status
in thalassemia. For every 1-SD decrease in spine or femur
BMD Z-score, the mean fracture rate increases by 37 or
47 %, respectively [7].

Common calculation tools for fracture risk have not been
validated in patients with thalassemia; however, taking into
consideration clinical risk factors such as age (which is a well
established risk factor for fractures in thalassemia as well),
body mass index (BMI), smoking, and alcohol consumption
when evaluating a patient seems logical even though this is
not supported by published prospective data, and research on
this field is definitely warranted.

Several attempts have been made to evaluate BMD using
other methodologies, however, those are sporadic and some of
them can also result in misleading findings. Specifically, QCT
derived Z-scores are significantly higher than DXA derived Z-
scores [67, 68] and very few patients are found to have oste-
oporosis when using QCT [68]. It is suggested that in patients
with inadequate chelation, the accumulation of iron might
account for falsely increased BMD values obtained by QCT;
indeed, patients with high ferritin values exhibit very high
BMD, even higher than normal controls, despite having sev-
eral risk factors for osteoporosis [69]. Patients with thalasse-
mia have been reported to have lower trabecular bone score
(TBS) compared to a group of controls, even though patients
with thalassemia were significantly younger [48]. TBS in
these patients correlated negatively with age and positively
with BMD but was similar in patients with and without a
history of fragility fractures, limiting its utility in fracture pre-
diction in this population. Data derived by the use of

quantitative ultrasound sonography (QUS) to evaluate the
skeletal status in thalassemia have been inconsistent. There
is poor correlation between measurements derived by QUS
and those derived by DXA, as well as that of the number of
patients identified as having osteoporosis with the two
methods largely differ [70, 71]. However, in patients with a
history of fragility fracture, QUS has been shown to be equally
effective to DXA in assessing bone demineralization [70].
QUS ability to predict fractures in thalassemia needs to be
evaluated. Evaluation of bone density in young patients with
thalassemia using peripheral quantitative computed tomogra-
phy (pQCT) resulted in low volumetric BMD (vBMD) Z-
scores, which is in line with DXA-derived measurements.
Moreover, using pQCT, the researchers were able to highlight
that the low BMD obtained by two-dimensional DXA mea-
surements is not only accounted for by low bone size [72].
However, the utility of pQCT in the prediction of fracture risk
or in the monitoring of treatment in thalassemia needs further
research.

Bone turnover markers in thalassemia display a good neg-
ative correlation with BMD; however, it has not been demon-
strated that they can independently predict fracture risk irre-
spective of BMD [7]. Even though bone turnover markers
might be useful in monitoring response to treatment, more
data are needed before they can become implemented in de-
cision making for pharmacological intervention.

The management of thalassemia-associated
osteoporosis

Regular transfusion therapy and keeping adequate Hb levels
are the mainstays of treatment in transfusion dependent thal-
assemias. However, even though some studies have suggested
an association between higher Hb levels and BMD at the LS
and total body [6, 17], other studies have failed to demonstrate
an association between mean pre-transfusion Hb levels and
BMD [39]. Current guidance suggests maintaining a pre-
transfusion Hb level above 9–10.5 g/dl in most patients with
thalassemia [52]. This is associated with 1–4 times normal
levels of erythroid activity [32]. It is suggested that in certain
cases, higher pre-transfusion Hb levels may be attempted if
deemed appropriate [52]; however, this should always be bal-
anced against the increase in iron accumulation and subse-
quent need for higher chelation treatment doses.

As 25OHD levels are frequently low in patients with thal-
assemia, screening and supplementation are recommended
[73]; however, there are not enough data to indicate the opti-
mal target levels for 25OHD. Vogiatzi et al. have demonstrat-
ed that the inverse relationship between 25OHD and BMD
reaches a plateau at levels >15 ng/ml [7]. Parathyroid hor-
mone (PTH) levels have no value in determining target
25OHD levels as, at least in patients with thalassemia major,

3414 Osteoporos Int (2016) 27:3409–3425



patients with levels <20 ng/ml have similar PTH levels to
those with levels 20–30 ng/ml and to patients with levels
>30 ng/ml [56]. This probably reflects the state of overt or
subclinical hypoparathyroidism which is often encountered
in these patients.

There are no available data about the effects of calcium and
vitamin D on thalassemia-associated osteoporosis; however,
their use is very common among patients with thalassemia.
Recently there has been an exhaustive debate about the effects
of calcium and vitamin D supplements on fracture risk and
some concerns have been raised, associating calcium supple-
mentation with increased cardiovascular risk [74]. A small
positive effect of supplements on hip and spine BMDhas been
demonstrated [75], and several meta-analyses have shown
from no to small positive effects on fracture risk [75–78],
depending on study population, with more pronounced posi-
tive effects in institutionalized patients [78]. Several studies
have failed to demonstrate an association between the use of
calcium supplements and cardiovascular risk [79, 80] and al-
though the debate still remains, currently there is no strong
evidence to advise against the use of supplements.

Apart from vitamin D, patients with thalassemia suffer sev-
eral micronutrients deficiency, including zinc. In a single dou-
ble-blind, placebo-controlled study, zinc supplementation was
shown to increase whole bodyBMD and bonemineral content
(BMC) compared to placebo, while patients allocated to zinc
supplementation preserved their spine and hip Z-scores in
contrast to the placebo group which experienced a decline in
Z-scores [81]. Even though sample sizewas small and dropout
rates were high, a high percentage of study participants had
low plasma zinc concentrations and it is possible that zinc
supplementation might be beneficial particularly to patients
with deficiency. Further studies are warranted to establish
which patients would benefit from such interventions, the op-
timal dose of supplementation, the side effects, and the appro-
priate monitoring (such as cooper levels).

Even though the current status of physical activity in pa-
tients with thalassemia is largely unknown, and there are no
data about the effects of exercise interventions on BMD or
fracture risk in such cohorts, encouraging adequate physical
activity to promote bone health and to reduce the risk of falls
seems logical and is generally recommended [73].

GH deficiency and reduced IGF-1 levels can be quite com-
mon in thalassemia and are probably implicated in the devel-
opment of TAO. There are several studies demonstrating the
positive effects of recombinant GH on growth velocity in
children with thalassemia [82, 83], while there is only one
non-controlled study on five pre-pubertal GH-deficient chil-
dren, which also provided data on the effects of 12 months
recombinant GH administration on BMD [84]. No significant
changes were observed on that study. There are no studies
evaluating its effect on BMD or fractures in adult GH thalas-
semia patients. However, recombinant GH administration in

non-thalassemia adults with GH deficiency has led to the re-
duction of fractures [85], and thus it seems logical that select-
ed adult patients with thalassemia and GH deficiency might
benefit from replacement therapy. Further investigation on the
field is indicated.

The number of studies addressing the treatment of TAO is
limited, while there are no randomized controlled trials with
data on fractures. The studies evaluating the effects of various
agents in TAO are summarized in Table 1. Most of them are of
poor quality and include small numbers of participants.

BSPs represent the most widely studied agents in TAO.
They reduce the osteoclastic activity leading to reductions in
bone turnover and their use seems logical in thalassemia,
where bone turnover has been found to be increased.
Zoledronic acid is the most widely studied, has been evaluated
in various schemes, and has provided good results in terms of
BMD improvement. It should be noted, however, that none of
the evaluated schemes is similar to the dose of 5 mg annually
which is recommended for postmenopausal women and adult
men with osteoporosis or for glucocorticoid induced osteopo-
rosis, and that the schemes used in these studies are far more
frequent. In a 2-year randomized, double-blind, placebo-
controlled study by Gilfillan et al., zoledronic acid (4 mg)
every 3 months produced significant increases in LS
(10.2 %), FN (5.2 %), total hip (6 %), and total body
(4.6 %) BMD, compared to placebo, which were evident by
the first year of the study, while BMD either exhibited small
increments or remained stable during the second year [86].
Similarly, in a non-randomized, controlled study, Otrock
et al. with the administration of the same therapeutic scheme
for 1 year demonstrated a significant increase in LS, total hip,
and FN BMD from baseline values [64]. On the other hand,
Voskaridou et al. have demonstrated that zoledronic acid
(4 mg) administered every 3 months for 1 year was effective
in increasing both LS (15.2 %) and FN (11.3 %) BMD; how-
ever, this had no significant effect on BMD ormarkers of bone
resorption, compared to placebo, when administered every
6 months [65]. Lower doses were also used by Perifanis et al.
who demonstrated an increase in LS BMD from baseline with
the administration of 1 mg of zoledronic acid every 3 months;
however, the study was not controlled and no other skeletal
sites were evaluated [87].

Bone turnover markers decreased following the adminis-
tration of zoledronic acid compared to baseline values in most
studies; however, findings were not consistent among the four
studies. Notably, in two studies where pain was evaluated
using specific questionnaires, the administration of zoledronic
acid had significant beneficial effects on pain scores [64, 65].

Pamidronate administration was evaluated in a controlled
study for 3 years [24]. Pamidronate was associated with sig-
nificant increases in LS and total hip BMD Z-scores from
baseline, while the control group experienced no significant
changes. Pamidronate also resulted in significant increase in
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LS and FN BMD Z-score from baseline in another 3-year
study, while observation alone or the combination of calcium
and alphacalcidol failed to produce similar results [88].
However, there were significant differences at the FN BMD
Z-score among groups at baseline. Similar findings were ob-
served in another 2-year non-controlled study [89]. On the
contrary, in a non-controlled trial, with two different doses
of pamidronate for 12 months, the drug produced significant
increases in LS but not FN and forearm BMD, irrespective of
dose [90]. Perhaps the shorter duration of the latter study com-
pared to all the others with pamidronate did not allow for any
significant changes at the hip and the forearm. In another small
non-controlled study, the administration of pamidronate in
young children with thalassemia for 12 months resulted in
significant increase in FN BMD at 12 months. The same co-
hort on follow-up at 24 months had significant increases both
at LS and FN BMD [91]. However, the findings of this study
should be interpreted with caution as it was non-controlled,
and in growing children, an increase in BMD is expected over
time due to the effect of normal bone accrual. In studies with
pamidronate where bone turnover markers were evaluated,
pamidronate administration resulted in a decrease in bone
turnover as expected.

Forni et al. evaluated the effects of IV neridronate admin-
istration for 1 year in a randomized controlled study [63].
There was a significant increase in LS, FN, and total hip
BMD in patients receiving neridronate compared to controls,
and many of the changes were already prevalent by the sixth
month of treatment, while bone turnover was suppressed as
expected. Moreover, the administration of neridronate was
associated with a significant reduction in pain scores, which
resulted in a decrease in the use of analgesic drugs already
prevalent by the third month of the study. This reduction in
the use of analgesics is possibly related to the reduction in
aminotransferases which was observed in patients receiving
neridronate.

Data concerning the effects of clodronate are less encour-
aging. Penissi et al. demonstrated that even though clodronate
failed to increase LS and FN BMD, it resulted in a relative
preservation of BMD compared to a group of patients on
simple observation which experienced a significant decline
in BMD [92]. This effect was accompanied by a reduction
in bone resorption markers without affecting bone formation.
On the other hand, in a study by Morabito, clodronate had no
significant effect on LS and FNBMD compared to baseline or
placebo [93].

Oral BSPs have only been sporadically studied in thalasse-
mia. The daily administration of alendronate for 2 years re-
sulted in significant increases in LS (2.8 %) and FN (5.6 %)
BMD compared to placebo [93]. Similarly, in another, non-
controlled study, oral alendronate administration leads to sig-
nificant increases at both LS and FN BMD compared to base-
line values [94]. The positive effect was restricted only to

patients achieving good compliance. However, in another
non-controlled study, the administration of alendronate for
24 months did not produce significant changes in LS and
FN BMD [89].

Hypogonadism is an important factor in the pathogenesis
of TAO, and timely and regular administration of HRT is very
important, as hypogonadal patients that adhere to HRT have
higher BMD values compared to hypogonadal patients with
poor compliance [95]. However, it is usually inadequate in
preventing or treating TBD in hypogonadal thalassemia pa-
tients [6]. In a study by Anapliotou et al. in hypogonadal
thalassemia patients, a continuous scheme of HRT resulted
in significant increase in LS BMD at 16 and 32 months of
follow-up, whereas, administration of an on/off scheme did
not result in a significant increase in 16 months. Those pa-
tients exhibited larger increments in LS BMD from month 16
to 32 when they crossed over to the continuous scheme [96].

Denosumab is a monoclonal antibody against RANKL and
a potent inhibitor of bone resorption. RANKL levels have
been found to be increased in patients with thalassemia [20]
and a potent inhibitor of bone resorption. Denosumab has
been studied in a single non-controlled trial in adult regularly
transfused thalassemic patients [97]. Administration of
denosumab for 12 months resulted in significant increases in
BMD both at the LS (9.2 %) and at the FN (6 %), accompa-
nied with significant reductions in bone resorption.

Strontium ranelate is thought to have a dual action, both
increasing bone formation and decreasing bone resorption,
even though its anabolic properties have been questioned
[98]. The effects of strontium ranelate in TAO have been stud-
ied in only one randomized controlled study which included
exclusively postmenopausal women with thalassemia major.
Daily administration of strontium ranelate for 2 years resulted
in significant increases in LS BMD compared to baseline
values, while at the FN, only a trend was observed which
did not reach statistical significance [99]. It should be noted,
however, that part of the increase might be attributed to the
artifact effect of strontium ranelate [100]. Notably, in this
study, strontium ranelate resulted in uncoupling of bone turn-
over, with increased formation and decreased resorption
markers, while it also produced a decrease in pain scores.

Calcitonin is no longer approved for the treatment of oste-
oporosis. However, in a small study of children and young
adolescents, calcitonin has been shown to decrease pain and
improve some bone parameters. Distal femur cortical bone
thickness, as measured by computerized axial tomography,
increased significantly in the intervention group and pain
was reported to decrease; however, this was not evaluated in
a formal manner [101].

The use of an anabolic agent for the treatment of TAO
seems attractive as patients with thalassemia often have sig-
nificantly decreased BMD, and there are several data
supporting impaired bone formation in these patients [21,
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23]. However, there are no data about the effects of anabolic
agents on TAO, except for sporadic case reports with the use
of teriparatide [102, 103]. More data are definitely warranted.

Specific considerations-limitations

The route of administration of HRT could be important in the
management of TAO. In healthy postmenopausal women, the
long-term administration of oral and transdermal HRT result-
ed in similar increases in BMD [104]. In conditions where
amenorrhea is accompanied by low levels of IGF-1, as in
patients with anorexia nervosa where generally the adminis-
tration of HRT is largely inefficient, administration of trans-
dermal estradiol can have beneficial effects on BMD due to
absence of suppression of IGF-1 which is observed when
using the oral route [105]. There are no data concerning the
differential effects of HRT in BMD or fractures in patients
with thalassemia according to the route of administration.
However, it should also be noted that transdermal HRT has
minimal, if any, effects on deep vein thrombosis or pulmonary
thromboembolism [106], which might be particularly impor-
tant in thalassemia, and especially thalassemia intermedia and
in patients with splenectomy, where a hypercoagulable state
has been documented [107].

Similarly, in those patients with thalassemia where a hyper-
coagulable state is suspected, concerns raised about the effect
of strontium ranelate on venous thromboembolism [108]
should be taken into account during decision making for treat-
ment. Moreover, as highlighted by the European Medicines
Agency (EMA), strontium ranelate should be avoided in pa-
tients at risk of cardiovascular disease, i.e., in patients with a
history of ischemic heart disease, peripheral artery disease,
cerebrovascular disease, and in those with uncontrolled hyper-
tension [108].

It should be noted that particular caution should be taken
when treating patients with thalassemia with potent
antiresorptive agents for the development of severe hypocalce-
mia related to the underlying subclinical hypoparathyroidism.

The use of high dose calcium supplements has been asso-
ciated with an increased risk of nephrolithiasis [76] [109],
whereas dietary calcium intake has been associated with less
risk presumably due to its effect in decreasing the absorption
of oxalates [109]. As previouslymentioned, patients with thal-
assemia are at high risk for hypercalciuria and nephrolithiasis,
so particular caution should be exercised to encourage calcium
intake from dietary sources and reserve the use of supplements
for patients unable to meet the recommended daily calcium
intake from diet and for those for whom the supplements are
an adjunct to bone specific treatment.

The optimal timing for initiating bone-specific therapy for
TAO remains to be clarified. In general, for young adults with
osteoporosis, the presence of low energy fractures represents
an absolute indication for treatment [110]. A significant

decline in BMD over time (above the least significant change)
might also constitute an indication for treatment in certain
cases; however, there is no clear guidance and this should be
carefully considered on a case by case basis. In light of the
need for lifelong management of TAO, a careful treatment
plan including the timing of initiation of bone specific treat-
ment, the selection of the therapeutic agent (taking into ac-
count any co-morbidities), the duration of administration, and
the treatment target should be considered.

There are no data about the effects of prolonged treatment
with BSPs in TAO, and only two studies provided results for
36 months of treatment. However, there are certain limitations
to the duration of use of BSPs as they have been associated
with adverse events such as osteonecrosis of the jaw and atyp-
ical fractures [111]. Moreover, it should be noted that even
though most studies concerning the use of zoledronic acid in
TAO have been carried out with frequent 4 mg doses, this
scheme is not an established scheme for osteoporosis and
therefore, currently, the recommended treatment in TAO, in
keeping with postmenopausal osteoporosis, would be the use
of 5 mg yearly. There is an increasing number of reports of
patients with thalassemia on BSPs who presented with atypi-
cal femoral fractures [112–114]. Notably, one report involves
a patient who had been on alendronate only for 6 months
[114], and another patient had been treated with zoledronic
acid for 3 years but was off treatment for 1 year prior to the
fracture [112]. Certainly, a causal relationship between the use
of BSPs and the atypical fractures could not be established;
however, these cases raise questions as to the optimal duration
of treatment in TAO.

Likewise, there are only limited data about BMD changes
after discontinuing treatment. In a follow-up study by
Voskaridou et al., patients who had received zoledronic acid
every 3 months for 12 months continued to increase their LS
BMD over the 2-year drug-free follow-up [115]. Interestingly,
while hip BMD had not reached statistical significance at
12 months of treatment, BMD continued to increase posttreat-
ment and reached statistical significance compared to baseline
values at 2 years of drug-free follow-up. The same was ob-
served in the treatment group who received zoledronic acid
every 6 months and had not increased BMD significantly at
the 12 months of the study; the group displayed significant
increases at all skeletal sites at 36 months compared to base-
line. The authors concluded that the results of the administra-
tion of zoledronic acid may be delayed in patients receiving
more infrequent therapeutic schemes. Zoledronic acid is char-
acterized by strong binding to the skeleton, and it can circulate
even long after its discontinuation and this might explain its
prolonged effects 2 years after the completion of the study.
However, this observation might as well be a chance finding
and must be formally tested given the absence of control
(placebo) group and the small sample size. Of note, in the
follow-up of the Horizon study, there were no differences in
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clinical fractures between patients who continued treatment
with zoledronic acid for 6 years and those who discontinued
treatment at 3 years and were then followed-up, supporting a
prolonged affect of the medication [116]. However, patients
who continued treatment for 6 years displayed a further de-
crease in morphometric vertebral fractures, suggesting that
selected patients might benefit from more prolonged
treatment.

Due to the concerns and subsequent limitations with the
prolonged use of BSPs [111], as well as the limitation in the
duration of treatment for anabolic agents, a need for sequential
treatment for patients with osteoporosis has arisen, especially
when lifelong treatment is indicated. There are a few data in
the literature about the effects of sequential treatment in post-
menopausal osteoporosis. It has been demonstrated that pa-
tients who switch from antiresorptive therapy with BSPs to
teriparatide may experience a delayed response in bone turn-
over markers and a reduction in hip BMD by the sixth month
of treatment, which is however transient [117]. Nevertheless, a
full 2-year course of teriparatide is likely required to obtain
maximum positive effects at the hip in such patients. On the
other hand, a decline in BMD follows the withdrawal of
teriparatide which is prevented when patients switch to an
antiresorptive agent after the completion of the teriparatide
course [118]. In the DATA Switch study, the administration
of denosumab after a course of teriparatide resulted in further
increases in BMD at all measured sites, whereas the adminis-
tration of teriparatide after denosumab resulted in transient
bone loss [119]. There are no data on the effects of sequential
treatments in thalassemia; teriparatide has not been yet formal-
ly evaluated, and it is uncertain that the above data can be
extrapolated to TAO due to its unique pathogenesis and thus,
designing a long-term treatment plan can be really
challenging.

Pediatric patients represent a particular challenge. Even
though TAO can be prevalent even at younger ages, fracture
risk increases with age, and, in contemporary western world
cohorts, children and adolescents do not seem to be at partic-
ularly increased risk for fractures [7, 12], and it is postulated
that this might also be related to the reduced physical activity
and reduced participation in sports in thalassemia patients.
Adequate transfusion and chelation treatment are probably
behind the reduction in fracture rates in children in these west-
ern world cohorts, and thus, optimizing thalassemia treatment
should be the mainstay for the prevention of TAO in this
population, especially in the absence of low energy fractures.
Subclinical vertebral fractures, which are under-recognized in
self-report studies, could be of concern at this age. However,
as vertebral growth disturbances, defined as a uniform de-
crease in the height of several vertebrae, can be quite preva-
lent, particularly in beta-thalassemia major patients [7], partic-
ular caution should be taken no to misdiagnose bone dysplasia
as multiple vertebral fractures. As these disturbances are

associated with younger age at initiation of chelation treat-
ment [7] and desferrioxamine-induced bone dysplasia is asso-
ciated with higher doses and reduced ferritin levels [51], time-
ly recognition and intervention with adjustment of chelation
during growth are recommended. The management of TAO in
pediatric thalassemia patients in the presence of multiple low
energy fractures can be particularly challenging. In general, in
pediatric patients, osteoporosis is defined by the presence of
both a clinically significant fracture history and low BMD and
not by densitometric criteria alone. In specific, clinically sig-
nificant fracture history corresponds to either two or more
long bone fractures by age 10 years, or three or more long
bone fractures at any age up to 19 years or a vertebral com-
pression fracture in the absence of high-energy trauma, and
low BMD corresponds to a Z-score ≤ −2 [120]. There is no
consensus as to when to initiate bone-specific treatment in
children, and the only agents that have been studied to some
extent are BSPs. BSPs have been predominantly studied in
chi ldren with osteogenesis imperfecta and with
glucocorticoid-induced osteoporosis, and it has been demon-
strated that apart from increasing BMD, they can also increase
the size of vertebral bodies and produce a reshaping of already
existing vertebral compression fractures [121]. Recombinant
GH might be considered in GH-deficient children to improve
both height and bone accrual; however, more data are definite-
ly warranted. There are only limited and not convincing data
about the effects of bone-specific treatment in pediatric thal-
assemia patients, even though some adolescents seem to have
been included along with adults in the studies summarized in
Table 1 and one study included only pediatric patients.

On the other hand, elderly patients might represent another
particular challenge. Many of these patients were born before
the advances in transfusion and chelation schemes and are
thus more likely to have attained poor peak bone mass.
Moreover, through the years, they have probably experienced
progressive bone loss as it has been demonstrated [17]. This
combination is probably behind the significant increase of
fracture risk with age. Complications are also more prevalent
in older cohorts [2] and should be taken into account when
selecting bone-specific treatment. Finally, another issue that
slowly emerges is that many of these older patients have been
exposed to bisphosphonates for many years and have still low
BMD, which would make a Bdrug holiday^ inappropriate and
raise questions as to the safety of more prolonged treatment or
necessity for sequential treatment schemes. Studies addressing
TAO in this elderly population are strongly warranted.

Orthopedic management of fragility fractures in older thal-
assemia patients carries several difficulties [122]. In this par-
ticular population, the surgical treatment is difficult due to the
poor quality of the broken bone that limits the reduction, the
hardware fixation, and the physiologic process of bone
healing. Other important problems are the postoperative man-
agement of older patients with concomitant chronic diseases
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that are more prone to develop local and general complica-
tions with several difficulties to conduct a good rehabilitation
program. However, the results of orthopedic treatment has
improved in the last years thanks to a better knowledge of
pathogenesis of secondary osteoporosis due to thalassemia
and fracture repair pattern, hardware quality improvement, a
more accurate surgical technique, and rehabilitation protocols
focused on this special group of patients. The rate of compli-
cation though is still higher than in younger population, but
dropping continuously.

Most fractures in patients with thalassemia seem to heal
normally within the expected time frame. In a study including
61 thalassemia patients with fractures, Finsterbush et al. dem-
onstrated that fracture healing rates were well within normal
limits and all patients but two had no permanent deformities
after healing [9]. Some patients displayed deformities which
were however temporary and quickly resolved due to the in-
creased remodeling observed after fracture. All fractures were
managed conservatively with no use of fixation materials. On
the contrary, in another study, Dines et al. reported delayed
healing and deformities in 25 thalassemia patients with frac-
tures [10]. However, this study was published several decades
ago, and the findings of impaired healing in this study might
be related to the fact that the study was completed before the
introduction of more frequent transfusion schemes and before
the introduction of intensive chelation therapy. It is possible
that similar defects might still be encountered in parts of the
world where transfusion and chelation treatment schemes are
still inadequate. In subsequent cohorts, there are only reports
of occasional cases with delayed healing; however, they have
been attributed to a concurrent severe vitamin C deficiency
and are probably not the result of the disease per se [123].

Existing guidance

Several organizations have attempted to provide guidance re-
garding the diagnosis, follow-up, and treatment of TAO. The
Thalassemia International Federation in 2014 issued a guid-
ance on the management of transfusion dependant thalassemia
[52]. The authors suggested annual check of BMD with DXA
starting at adolescence, encouragement of physical activity,
adequate calcium intake, vitamin D supplementation,
smoking cessation, early diagnosis and treatment of diabetes
mellitus, adequate blood transfusion and iron chelation, HRT
in hypogonadal patients, and BSPs with treatment duration up
to 2 years. The International Network on Growth Disorders
and Endocrine Complications in Thalassemia (I-CET) issued
a guideline on TAO in 2013 [73]. They suggested that BMD
measurements should begin at age 10–12 and repeated every
2 years thereafter and that the bone markers carboxy-terminal
telopeptide (CTX) and procollagen type 1 amino-terminal
propeptide (P1NP) might be useful in the diagnosis of TAO
and monitoring of treatment. An extensive guidance on the

management of endocrine complications that have an impact
on TAO as well as dietary recommendations were provided.
The authors also suggested abstinence from smoking and al-
cohol and encouragement of physical activity, while for pa-
tients with established osteoporosis, they suggested that bone-
specific treatment apart from HRT should be considered.
However, it was acknowledged that there is no consensus on
the best agent, dose, and duration of treatment.

Conclusion

Concerning adults with TAO, proposed indications for specif-
ic treatment are low BMD and low trauma fractures, with
BSPs being the most studied agents, especially zoledronic
acid. In the absence of fragility fractures, progressive signifi-
cant BMD loss or even very low BMD values might be con-
sidered as an indication for specific treatment. These indica-
tions must be balanced against the need for lifelong treatment,
the possible adverse effects of long-term BSPs administration
on the skeleton, and the inability in most cases to normalize
bone mass with current treatments. Based on data from post-
menopausal women with osteoporosis, an initial 3-year course
of zoledronic acid (or 5-year oral BSPs) might be the most
prudent approach. During follow–up, the absence of skeletal
events and stability of BMD, even at low values, is probably
reassuring. On the contrary, progressive significant decrease
of BMD and especially low trauma fractures is an absolute
indication for reinstituting treatment. Anabolic therapy with
teriparatide must be formally tested in interventional studies.
Moreover, given that teriparatide could be administered only
once in a lifetime, careful evaluation of current bone status and
planning of long-term treatment is of paramount importance
for successful management.
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