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Abstract In this study, we compared the long-term effects of
different iron chelation regimens (deferoxamine, deferiprone,
deferoxamine + deferiprone, and deferasirox) in preventing or
reversing endocrinopathy (diabetes mellitus, hypothyroidism,
or hypogonadism) and bone disease (measured through
DEXA) in 165 adults with β-thalassemia major (TM) (mean
age 39.9±8.3 years, 43%males). After five consecutive years
of therapy, patients on deferasirox had the highest decrease in
the prevalence of any endocrinopathy compared to other che-
lators which either had no change (deferiprone and deferox-
amine) or had an increase (deferoxamine + deferiprone),
p=0.015. This was attributed to a lower proportion of patients
on deferasirox developing new-onset endocrinopathy and
higher proportion showing reversal of disease, compared to
other chelators. A serum ferritin level of >1300 ng/mL pre-
dicted the development of new endocrinopathy (p=0.025)

while a level of <200 ng/mL predicted reversal of existing
endocrinopathy (p=0.147). A significant increase in mean
BMD T-score (p<0.001) and a considerable decrease in oste-
oporosis prevalence were observed in patients receiving
deferasirox but not other chelators. Iron chelation therapy with
deferasirox has a role in the prevention of endocrinopathy and
reversal of existing disease.
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Introduction

Endocrinopathies are common in regularly transfused patients
with β-thalassemia major (TM) and have been closely asso-
ciated with transfusional iron overload. Recent studies report
the development of at least one endocrinopathy in children
before they reach 10 years of age, with a rising incidence
throughout adulthood when around two thirds of adults can
have at least one form of endocrine dysfunction [1–4]. Iron
accumulation in endocrine glands such as the pituitary and
pancreas has been observed in magnetic resonance imaging
(MRI) studies and was associated with gland dysfunction [5,
6]. Elevated serum ferritin levels have also been associated
with the development of endocrine disease [7]. Osteoporosis
is another concern in TM patients as it is commonly associated
with adverse outcomes including pain, deformity, and in-
creased fracture risk [8]. Although the pathogenesis of bone
disease in these patients is multifactorial, iron toxicity has
been strongly implicated [8]. These observations suggest a
role for iron chelation therapy in the prevention or manage-
ment of endocrine and bone disease, although studies that
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specifically addressed these effects remain limited, especially
ones comparing different iron chelation regimens. In this
study, we aimed to evaluate and compare the effects of differ-
ent iron chelators on the development or reversal of endocrine
and bone disease in a group of TM adults that received their
respective chelators for at least 5 years. Such data would in-
crease our understanding of the effects of iron chelation ther-
apy on essential organ systems beyond the liver and heart,
where most available studies were concentrated.

Material and methods

This was a retrospective cohort study of all TM adults attend-
ing our center that have remained on the same chelation ther-
apy for a minimum of 5 years. For all patients demographic
data at the start of observation (baseline), type of chelator, and
average serum ferritin (SF) across the 5-year period were col-
lected. A single endocrinologist evaluated patients at the start
and end of observation after 5 years to assess for the presence
and absence of endocrinopathies which were defined as
follows:

– Diabetes mellitus was defined as fasting blood glucose
>126 or >200 mg/dL at any time or fasting blood glucose
>126mg/dL in an oral glucose tolerance test (OGTT) or a
second hour blood glucose level >200 mg/dL in an
OGTT.

– Hypogonadism was defined (in males) as testosterone
level <230 ng/dL (8 nmol/L) in association with specific
symptoms and signs of hypogonadism like reduced libi-
do, decreased spontaneous erections, declining testicular
volume, loss of body hair, or decreased muscle mass. In
females, hypogonadism was defined as low ovarian es-
trogen and progesterone levels in association with oligo-
amenorrhea.

– Hypothyroidismwas defined as low levels of fT3 and fT4
(with or without a rise in serum level of thyroid stimulat-
ing hormone [TSH], to define primary or secondary
etiology)

– Osteoporosis was defined according to the WHO criteria
(WHO Technical Report, ISCD Official Position Paper
2007) as a low T-score level (<2.5 SD) at the lumbar spine
or femoral neck on a dual-energy X-ray absorptiometry
(DEXA) examination while a T-score between −1 and
−2.5 was defined as osteopenia and a T-score >−1 was
considered normal.

For each patient, three measurements of bone mineral den-
sity (BMD) 18months apart were conducted during the 5-year
span. These were conducted on the femoral neck and lumbar
spine using DEXA (Hologic Bone Densitometer QDR,
Hologic Inc., Waltham, MA, USA).

All procedures followed were in accordance with the ethi-
cal standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2008. A written informed
consent was obtained from all subjects participating in this
study.

Statistical analysis

Descriptive analysis is provided as means ± standard devi-
ations, medians, or percentages. Bivariate comparisons
were made using the chi-squared and Fisher’s exact tests
for categorical variables and the independent samples t
test, Mann–Whitney U test, and Kruskal–Wallis test for
continuous variables. Receiver operating characteristic
(ROC) curve analysis was used to identify serum ferritin
levels that best predict the development of new
endocrinopathy by identifying levels with the highest
sum of sensitivity and specificity. Paired samples t test
was used to analyze longitudinal changes in BMD for
each iron chelator. All p values are two sided with the
level of significance set at <0.05.

Results

A total of 165 patients were included in this analysis. Their
mean age was 39.9±8.3 years (range 20–68) including 71
(43 %) males. A total of 40 (24.2 %) patients were receiving
deferoxamine (mean dose over the 5-year study period
37.4 mg/kg/day), 18 (10.9 %) were receiving deferiprone
(mean dose 74.7 mg/kg/day), 50 (30.3 %) were receiving si-
multaneous deferoxamine + deferiprone (mean dose deferox-
amine 30.9 mg/kg/day and deferiprone 56 mg/kg/day), and 57
(34.5 %) were receiving deferasirox (mean dose 26.3 mg/kg/
day). The median serum ferritin level over the 5-year obser-
vation period was 555 ng/mL (range 63–6140): deferoxamine
469 ng/mL, deferiprone 834 ng/mL, deferoxamine +
deferiprone 595 ng/mL, and deferasirox 476 ng/mL
(p=0.110).

Analysis of endocrine disease

At baseline, a total of 121 (73.3 %) patients had an
endocrinopathy, 16 (9.7 %) had diabetes, 65 (39.4 %)
had hypo t hy r o i d i sm , and 108 ( 65 . 5 %) h ad
hypogonadism. There were no statistically significant dif-
ferences in the prevalence of any of the evaluated
endocrinopathies between different iron chelators at base-
line (Fig. 1). However, after five consecutive years of
therapy on each iron chelator, a statistically significant
difference was noted between different iron chelators
with regard to the percentage change in endocrinopathy

758 Ann Hematol (2016) 95:757–763



prevalence (Fig. 2). Patients on deferasirox therapy had
the highest decrease in the prevalence of any
endocrinopathy (−1.8 %) compared to other chelators
which either had no change (deferiprone and deferox-
amine) or an increase (+6 % for deferoxamine +
defe r iprone) , p = 0.015 . Looking a t ind iv idua l
endocrinopathies, patients on deferasirox had a decrease
in the prevalence of hypogonadism (−3.4 %) and diabe-
tes (−1.8 %), while no change was noted for hypothy-
roidism. Patients on deferoxamine had a decrease in the
prevalence of hypothyroidism (−2.5 %), yet an increase
i n t h e p r eva l en c e o f d i ab e t e s (+2 . 5 %) and
hypogonadism (+5 %). Patients on deferiprone had an
increase in the prevalence of diabetes (+5.5 %) and no
change in the prevalence of other endocrinopathies.
Patients on deferoxamine + deferiprone had an increase

in the prevalence of all endocrinopathies: +2 % for dia-
betes, +6 % for hypothyroidism, and +4 % for
hypogonadism (Fig. 2).

Table 1 summarizes the incident cases that explain the dif-
ferences in prevalence after 5 years. Upon evaluation of pa-
tients who did not have the endocrinopathy at baseline, one
patient on each of deferoxamine, deferiprone, and deferox-
amine + deferiprone developed diabetes, while no new cases
were observed on deferasirox. One patient on each of defer-
oxamine and deferasirox newly developed hypothyroidism,
three patients did so on deferoxamine + deferiprone, and none
did on deferiprone. Two patients developed new onset of
hypogonadism on each of deferoxamine and deferoxamine +
deferiprone while none did on deferiprone or deferasirox.
Upon evaluation of patients who already had the
endocrinopathy at baseline, one patient on deferasirox had
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reversal of diabetes, one had reversal of hypothyroidism, and
two had reversal of hypogonadism. Two patients on deferox-
amine had reversal of hypothyroidism. None of the patients on
deferiprone or deferoxamine + deferiprone had reversal of
their endocrinopathy.

Neither age nor gender had a statistically significant role in
the development of new endocrinopathies or reversal of
existing ones (Table 2). However, there was a statistically
significant difference in median serum ferritin level between
patients who developed new endocrinopathy (1471 ng/mL)
and those who did not (562 ng/mL), p=0.023 (Table 2). On
ROC curve analysis, a serum ferritin level of >1300 ng/mL
was the best predictor for the development of new
endocrinopathy within 5 years in patients who did not have
an existing one at baseline (area under the curve [AUC]:
0.810, p = 0.025) (Fig. 3). The serum ferritin level of
<200 ng/mL was the best predictor for reversal of
endocrinopathy in those who had an existing one at baseline,
although this prediction did not reach statistical significance
(AUC 0.746, p=0.147). To determine whether the observed
effects of iron chelation therapy on the prevention of the de-
velopment of new endocrinopathy can be explained by differ-
ences in serum ferritin control, we compared the proportion of
patients with a serum ferritin level >1300 ng/mL across the
four chelation regimens and the values were as follows:

deferoxamine (n=6), 15 %; deferiprone (n=6), 33.3 %; de-
feroxamine + deferiprone (n=14), and 28 %; deferasirox
(n=7), 12.3 % (p=0.080).

Analysis of bone disease

In the analysis of mean BMD change between the farthest two
measurements apart (36 months), a significant change (favor-
able increase) in mean BMD T-score SD at the femoral neck
was observed in patients receiving deferasirox (−2.17±1.03
to−2.01 ±0.66, p<0.001) but not other chelators: deferox-
amine (−2.29±1.13 to −2.45±1.47, p=0.969), deferiprone
(−1.90 ± 1.05 to −2.06 ± 0.52, p= 0.984), deferoxamine +
deferiprone (−2.16 ± 1.17 to −2.12 ± 0.98, p = 0.769).
Similarly, a significant change in mean BMD T-score SD at
the lumbar spine was observed in patients receiving
deferasirox (−2.84±1.11 to −2.12±0.78, p<0.001) but not
other chelators: deferoxamine (−2.92±1.06 to −2.93±0.90,
p = 0.489), deferiprone (−2.54 ± 1.00 to −2.69 ± 0.67,
p = 0.423), deferoxamine + deferiprone (−2.92 ± 1.21 to
−2.55±0.87, p=0.516). Figure 4 illustrates prevalence of os-
teoporosis (−2.5 SD BMD T-score at the femoral neck or
lumbar spine) for each chelator at the three evaluated time
points, noting a considerable decrease in prevalence on
deferasirox therapy but not other chelators.

Table 1 Overview of patients who developed new endocrinopathy or had reversal of existing endocrinopathy during the 5 years across different iron
chelators

Endocrinopathy All patients, n = 165 DFO, n = 40 DFP, n= 18 DFO + DFP, n = 50 DFX, n= 57

New Reversal New Reversal New Reversal New Reversal New Reversal

Diabetes 3/149 (2.0) 1/16 (6.3) 1/36 (2.8) 0/4 (0.0) 1/17 (5.9) 0/1 (0.0) 1/44 (2.3) 0/6 (0.0) 0/52 (0.0) 1/5 (20.0)

Hypothyroidism 5/100 (5.0) 3/65 (4.6) 1/23 (4.3) 2/17 (11.8) 0/14 (0.0) 0/4 (0.0) 3/25 (12.0) 0/25 (0.0) 1/38 (2.6) 1/19 (5.3)

Hypogonadism 4/57 (7.0) 2/108 (1.9) 2/11 (18.2) 0/29 (0.0) 0/7 (0.0) 0/11 (0.0) 2/12 (16.7) 0/38 (0.0) 0/27 (0.0) 2/30 (6.7)

Any endocrinopathy 5/44 (11.4) 3/121 (2.5) 1/6 (16.7) 1/33 (2.9) 0/6 (0.0) 0/12 (0.0) 3/11 (27.3) 0/39 (0.0) 1/21 (4.8) 2/36 (5.6)

Data presented as n/N (%). Patients at risk (N) were considered those who did not have the outcome at baseline for the assessment of new endocrinopathy
and those who did have the outcome at baseline for the assessment of reversal of endocrinopathy

DFO deferoxamine, DFP deferiprone, DFX deferasirox

Table 2 Demographics and
serum ferritin level in patients
who developed new
endocrinopathy or had reversal of
endocrinopathy and those who
did not

Parameter Developed new endocrinopathy p value

No, n= 39 Yes, n= 5

Mean age ± SD in years 36.4 ± 9.9 34.0 ± 6.0 0.601

Male, n (%) 24 (61.5) 1 (20.0) 0.077

Median serum ferritin in ng/mL (range) 562 (70–2884) 1471 (710–2550) 0.023

Parameter Reversal of endocrinopathy p value
No, n= 118 Yes, n= 3

Mean age ± SD in years 41.41 ± 7.3 37.0 ± 6.1 0.305

Male, n (%) 44 (37.3) 2 (66.7) 0.301

Median serum ferritin in ng/mL (range) 523.5 (63–6140) 185 (160–646) 0.158
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Discussion

Our study confirmed that endocrinopathies are highly preva-
lent morbidities in TM patients, which should not to be
dismissed. Data from earlier studies on Italian patients with
TM showed prevalence rates for diabetes to be 5–17 %, hy-
pothyroidism 11–31 %, and hypogonadism 44–65 % [1, 3, 9].
These rates are close to the prevalence of endocrinopathies at
baseline in our study, with slight variations that may be attrib-
uted to the age at the time of assessment, variations in the
assessment techniques, or variability of concomitant patient,
disease, or treatment-related factors. The effect of iron over-
load was also apparent, with values >1300 ng/mL being pre-
dictive of the development of newmorbidity. This threshold is
relatively lower than what has been reported in earlier studies,
which was often in excess of 2500 ng/mL [3, 7]. However, our
study did not set a priori serum ferritin threshold for the anal-
ysis of its effects on outcomes [7], and we resorted to a ROC

curve for identification of the best predictive cut-off in patients
at risk (without pre-existing endocrinopathy). This finding
calls for revisiting target iron control when prevention of en-
docrine disease is the desired outcome.

The differential effects of iron chelators on the develop-
ment of new or reversal of existing endocrinopathy warrant
further discussion. Very few studies reported longitudinal
changes in endocrine disease with iron chelation therapy.
Although the prevalence of endocrine disease was noted to
decrease in the past 30 years with more optimal iron chelation
and serum ferritin control [3], new cases in patients receiving
iron chelation therapy continue to be observed. Data from
early 2000 on patient cohorts mostly receiving deferoxamine
reported incidence rates of 14 % for new onset of
endocrinopathy with each 5 years of advancing age [4], in
agreement with deferoxamine data in our study (∼17% devel-
oped a new endocrinopathy although 3 % had reversal). A
more recent study reported no significant changes in the prev-
alence of endocrine disease (diabetes, hypothyroidism,
hypogonadism, hypoparathyroidism) in patients receiving
deferasirox for a median duration of 6.5 years [9]. Our data
support these protective effects of deferasirox towards the de-
velopment of new endocrinopathies and further demonstrate
that it is able to reverse the pathology in a subset of patients
(∼6 % in those with existing disease). Earlier studies showed
similar effects of reversal of endocrinopathy with aggressive
chelation using the combination of deferoxamine +
deferiprone or deferiprone + deferasirox [10, 11]. However,
none of the patients on deferiprone monotherapy or deferox-
amine + deferiprone in our study had reversal of endocrine
disease, with the latter group having the highest incidence of
new-onset disease (27.3 %). This latter observation may be a
result of combination therapy being commonly reserved for
patients with severe iron overload; and such patients may have
had preclinical organ damage prior to inclusion in this study.
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Collectively, and when looking at the development of new
endocrine disease as well as reversal of existing one, our data
suggest a most favorable role for deferasirox therapy over
other chelators. Deferasirox has shown consistent reduction
in serum ferritin levels and liver iron concentration, being a
surrogate of total body iron, over 5 years of therapy [12]. It has
also shown favorable effects on liver pathology (reversal of
fibrosis) and preservation of heart function concomitant with
reduction of cardiac iron overload [13, 14]. Our data adds
endocrine disease to the spectrum of such clinical benefits.

Favorable changes in BMD were also observed with
deferasirox but not other chelators, with noted decrease in
osteoporosis prevalence after 5 years of therapy. These effects
resonate and confirm recently reported data showing similar
effects of deferasirox on bone disease over a median duration
of 6.5 years [9]. The effects of deferasirox on bone health may
extend beyond amelioration of iron toxicity. Aside from the
effects of iron overload, bone disease in TM patients is major-
ly driven by the underlying ineffective erythropoiesis and sub-
sequent effects on the bone microenvironment [8]. A recent
study on TM patients, showed that compared with other iron
chelators, deferasirox therapy is associated with higher levels
of circulating erythroid burst-forming units indirectly
reflecting improved bone marrow activity [15]. Whether these
effects contribute to subsequent improvement of low BMD
merits further evaluation.

Our study is not without limitations. The incidence of
change in endocrine status was restricted to a small proportion
of patients from the study sample. We were unable to assess
and account for the utilization of medications for the treatment
of specific endocrinopathies or osteoporosis to realize whether
these were unevenly distributed across chelator groups.
However, as our patients are treated at a single center under
the same management team, variations in the treatment of
endocrinopathies are expected to be minimal. Similarly, we
were unable to evaluate the effect of chelator dose on observed
outcomes, although, similarly, extreme variations in manage-
ment should be uncommon with most patients following
label-indicated dosing recommendations for each chelator
thus allowing for generalizability of data in similar practice.
Lastly, we were not able to account for the effect of patient
compliance to therapy and whether it can explain the differ-
ences in chelation effects.

In conclusion, our study demonstrated that endocrine and
bone disease continue to pose a significant source of morbid-
ity for patients with TM. Appropriate chelation therapy, how-
ever, has a role in the prevention of development of new
morbidity and even reversal of existing disease. The favorable
role of deferasirox therapy stands out in this context and
merits further evaluation through clinical trials.
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