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More than five decades ago, thalassemia major (TM) was fatal
in the first decade of life. This poor prognosis changed since the
survival rates started to increase progressively thanks to the implementation of continuous and significant improvement of diagnostic and therapeutic methods, consisting mainly of an intensive
transfusion program combined with chelation therapy and imaging
methods.[1-4]
Regular red blood cell (RBC) transfusions eliminate the complications of anemia, compensatory bone marrow expansion, bone
changes and splenomegaly, restore the physiological growth
throughout childhood and extend survival. The most serious disadvantage of life-saving transfusions is the inexorable accumulation
of iron within tissues. Iron is physiologically stored intracellularly
in the form of ferritin, a protein whose synthesis is induced upon
the influx of iron. When the storage capacity of ferritin is exceeded, pathological quantities of metabolically active iron are released
intracellularly in the form of hemosiderin and free iron within an
expanded labile pool. This metabolically active iron catalyzes the
formation of free radicals, which damage membrane lipids and
other macromolecules, leading to cell death and eventually organ
failure. Other factors contributing to the variability of cellular iron
overload are: a) the cell surface transferrin receptors and the capacity of the cells to deploy defence mechanisms against inorganic
iron; b) individual susceptibility to iron toxic effect; c) the development of organ(s) damage secondary to persisting severe iron
overload in the years preceding iron chelation therapy; and d) liver
disorders, chronic hypoxia and associated endocrine complications.[1-3]
Multi-transfused thalassemia major (TM) patients frequently
develop severe endocrine complications mainly due to iron overload, anemia, and chronic liver disease, which require prompt
diagnosis, treatment and close follow-up by specialists.[4]

tries and much more between specialized centers, ranging from
around 50% and may even approach 100%.[1-4]
Hormone replacement therapy with sex steroids aims to relieve
symptoms and signs of androgen or estrogens deficiency, using
convenient and effective formulations of testosterone or
estrogen/progesterone. Despite the large number of TM patients
for whom HRT is prescribed, little prospective data exist to aid clinicians in making evidence-based decisions for the optimal treatment regimens. Furthermore, no evidence-based guidelines for the
management of these patients exist, and many recommendations
are based on theoretical knowledge about physiology and
endocrinology and extrapolated from the evidence of HRT in normal postmenopausal females. Further investigations are needed to
understand whether HRT should be continued until the average age
of menopause. No data are available to evaluate the impact of HRT
therapy in TM patients on other risk factors associated with the disease such as liver dysfunction and impaired glucose tolerance.
Long-term risks for the development of breast cancer, endometrial
cancer, venous thromboembolism, and cardiovascular events are
not known.[5-7]
In conclusion, long-term HRT is required for relief the symptoms of hypogonadism and to prevent long-term health sequel of
testosterone or estrogen deficiency. The type of HRT, dosage, and
route of administration are extremely complex in patients with thalassemia because of the chronicity of treatment and because many
physical and psychological changes take place during the treatment period.Therefore, international research consortia should be
established to allow investigation of these important questions, and
to allow clinicians to make the best possible health care HRT treatment decisions.
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Introduction

The most common endocrine complication documented in TM
patients is hypogonadotropic hypogonadism which increases with
age and the associated comorbidities.[3] The incidence rate of
hypogonadism, in both sexes, varies considerably between coun-
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Glucose abnormalities in patients with
thalassemia major

Glucose tolerance abnormalities and diabetes mellitus (DM)
are common complications in patients with TM. Disturbances of
glucose homeostasis range from increased insulin resistance and
mild glucose intolerance to overt diabetes mellitus. Patients with
mild disorders are usually asymptomatic; impaired glucose tolerance (IGT) is common, occurring in up to 24.1%.[8-11]
Unfortunately, this represents an additional potential risk to their
cardiac function.[12]
Although iron overload induced DM shares certain characteristics with both type 1 diabetes and type 2 diabetes, it appears to be
a separate entity with a unique pathophysiology. As in type 1 DM,
insulin deficiency is a primary defect; however, it is usually relative rather than absolute. Similar to type 2 DM, the onset of the disease is usually gradual and insidious and insulin resistance is
detected in some patients.
Pancreatic iron loading in these patients begins after the first
decade of life and the incidence of complications increases with
age. The rate of iron accumulation is directly related to the annual
blood consumption, the delay in starting chelation and to low compliance and/or inadequate chelator doses. While glucose intolerance occurs at an early stage of adolescence, DM frequently occurs
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Accurate assessment of the hypothalamic-pituitary- adrenal
(HPA) axis is essential for the management of patients with potential or suspected pituitary or hypothalamic disease that is frequent
in patients with TM. [26-35] The diagnosis of AI is relatively simple when glucocorticoid secretion is profoundly depressed. [32,34]
However, AI can present a difficult diagnostic challenge, especially when adrenal insufficiency is partial. This is a particularly
important issue as acute crises may occur during stress periods in
undiagnosed patients.[26,28,34]
Recently, several studies reported a significant prevalence of
“biochemical” central adrenal insufficiency (CAI), ranging from
15% to 53.6%, [26-28] in children, adolescent and adults with TM.
The pathophysiological basis of “biochemical” AI in TM has not
yet been well-defined. Chronic transfusions induce iron overload
in several organs, including adrenal and pituitary glands.[26,28,34]
Therefore, it is possible that pituitary iron deposition might reduce
ACTH secretion leading to CAI. Furthermore, the adrenal glands
might also be directly affected by iron toxicity.
There are two methods to differentiate between primary and
secondary AI. First is done by measuring plasma ACTH concentration in the basal fasting AM blood sample. If it is higher than normal, the patient has primary AI, whereas if it is low, the diagnosis
of secondary or tertiary AI should be considered. The second
method assesses the serum cortisol values in response to exogenous corticotropin (ACTH) stimulation or insulin tolerance test
(ITT). The agent most commonly used is synthetic ACTH (1-24)
(cosyntropin), which has the full biologic potency of native ACTH
[34]. The text is useful for the diagnosis of AI but not for the differential diagnosis between peripheral and central forms.
Therefore, a prolonged corticotropin administration may become
helpful in the differential diagnosis. Unfortunately, this diagnostic
approach has not been validated in patients with TM.[28,34]
The lack of treatment guidelines and published research often
leave hematologists and internists with hesitant to approach TM
patients presenting uncommon endocrine complications.
Therefore, as a third step, we thought worth to prepare clinical
practice recommendations for all those taking care of TM patients
on current criteria for the assessment of CAI . The recommendations provide helpful information on laboratory parameters and
their interpretation, as well as adrenal hormone replacement
dosages and management strategies. The guidelines emphasize that
clinicians need to suspect AI earlier in TM patients with risk factors, such as advanced age, severe iron overload and/or poor compliance to therapy, and with multiple endocrine complications.
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The diagnosis of growth hormone deficiency (GHD) is generally
straightforward in children as growth retardation is present.
However, in adults the diagnosis of GHD is often challenging. GHD
in adults is a clinical syndrome associated with lack of positive wellbeing, depressed mood, feelings of social isolation, decreased energy, alterations in body composition with reduced bone and muscle
mass, diminished exercise performance and cardiac capacity and
altered lipid metabolism with increase in adiposity.[3]
In patients with chronic diseases, the clinical evaluation of
GHD is difficult because signs and symptoms may be subtle and
nonspecific, and universal provocative testing in all patients is difficult because the approach is cumbersome and expensive.
Therefore, other markers are needed to identify adults who may
have GHD and could potentially benefit from GH replacement
therapy.[17]
Recent studies suggest that insulin-like growth factor-1 (IGF1) may be used for primary screening, to avoid performing GH
stimulation tests in the majority of healthy or diseased subjects,
when appropriate normative sex and age-correlated ranges are
available.[18] Therefore, the International Network of Clinicians
for Endocrinopathies in Thalassemia and Adolescence Medicine
(ICET-A) promoted a study to collect more information on IGF-1
values in young adult Italian thalassemia major (TM) patients.
ICET-A concluded their survey with the following recommendations: A GH stimulation test should be indicated in presence of the
following clinical and laboratory parameters: Short stature (Height
standard deviation scores <−2.5), severe and/or prolonged iron
overload, presence of severe osteoporosis and/or serum IGF-I level
<−2 standard deviations. Very low IGF-1 levels, especially in those
patients with childhood-onset GHD, in the presence of pituitary
iron deposition and/or atrophy are highly suggestive of GHD.[19]
In adult TM patients, with normal liver function, an IGF-I level
<50th percentile should be taken in consideration as a cut-off level
for the GH assessment.[20]

Adrenal insufficiency

us

Growth hormone deficiency

ment, and treatment protocols.[3,21-24] The reported frequency of
thyroid dysfunctions ranges between 13% and 60% in different
studies and occurs after 10 years of age regardless of difference in
the rate of prevalence, largely as in the form of subclinical
hypothyroidism.[21-24]
We have documented a prevalence of CH of 6% in patients
with a chronological age below 21 years and 7.9% in those above
21 years.[25] Clinicians should be alert for the diagnosis of CH
through accurate interpretation of thyroid function tests. We recommend L-thyroxine therapy if the level of FT4 is consistently
low provided that the patient has normal cortisol levels.
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at later stages and is usually secondary to iron overload and subsequent chronic liver disease. Depending on the age composition of
cohorts, up to 25% of patients with TM may have isolated
impaired fasting plasma glucose (FPG), a condition in which the
fasting blood glucose is elevated above what is considered normal,
but is not high enough to be classified as DM. FPG has a good correlation with other glycemic indices such as fasting insulin, insulin
resistance index and beta cell function index. Impaired FPG is considered a pre-diabetic state. However, it is not known how many
patients with TM with impaired FPG progress over the years to
diabetes. The prevalence of DM and impaired glucose tolerance
(IGT) in adolescents and young adults with TM conventionally
treated with DFO varies in different series (up to 10.5% and 24%,
in different series. The considerable variation in the occurrence of
glycemic abnormalities can be partially explained by the marked
differences in the age composition of cohorts, their genetic background, transfusion regimens, degree of chelation and the screening method used.[13-16]

Hypothyroidism

The reported thyroid dysfunction seen in patients with TM
includes primary hypothyroidism-caused abnormalities of the thyroid gland, subclinical hypothyroidism as well as secondary
hypothyroidism (CH).[21-24] The frequency of hypothyroidism
shows a discrepancy depending on the region, quality of manage[page 34]

Hypoparathyroidism

In the general population, hypoparathyroidism (HPT) can be
transient or permanent, inherited or acquired, or caused by inabili-
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In conclusion, iron overload remains a critical problem, even
in countries where chelation therapy is widely available and adequately implemented recently. An early recognition and prevention
of the endocrine complications, by early and regular chelation therapy, is mandatory for the improvement of the quality of life of
these patients.
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ty of parathyroid gland to synthesize or secrete PTH. This may be
due to abnormal development of the parathyroid gland, destruction
of parathyroid tissue, or peripheral resistance to PTH.
It is a rare disease, with the leading clinical symptoms of
hypocalcemia which is associated to high serum phosphorus levels,
and absent or inappropriately low levels of parathyroid hormone
(PTH). [36] The low extracellular ionized (Ca 2+) may have a profound impact on the function of a large number of tissues and organ
systems including the brain, muscles, kidneys and heart.[37,38]
In adults, the most common cause of HPT is parathyroid gland
injury or inadvertent removal during thyroid surgery whereas in
patients with thalassemias it is mainly attributed to iron overload,
secondary to multiple blood transfusions and suboptimal chelation
therapy.[36, 39-41]
The prevalence of overt HPT reported in 1661 TM patients, by
the Italian Working Group on Endocrine Complications in Non
Endocrine Diseases, was 3.6% [39], whereas a subclinical HPT,
utilizing the nocturnal measurements of serum minerals, was
observed in almost 100% of 13 TM patients, with normal morning
serum calcium levels.[42]
HPT requires lifelong therapy with vitamin D or metabolites.
Both under- and overtreatment can lead to unintended outcomes
that can be irreversible. In undertreated or late treated patients with
HPT, where there is a combination of chronic hypocalcemia and
hyperphosphatemia, ectopic calcifications in organs may occur.
[43,44] In over treated patient the risk of kidney stones and
nephrocalcinosis is markedly increased. [45]
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