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Abstract. -thalassemia major (TM) is among the most common hereditary disorders 

imposing high expenses on health-care system worldwide. The patient's survival is dependent on 

lifetime blood transfusion which leads to iron overload and its toxicity in various organs 

including endocrine glands. This article provides an overview of endocrine disorders in beta-TM 

patients. This single center investigation enrolled 28 -TM patients (16 males, 12 females) 

regularly transfused with packed red cell since early years of life. For each patient were 

determined: age, sex, number of transfusions received, history of splenectomy and 

anthropometric parameters. All patients underwent an evaluation of hormonal status including 

growth, gonadal, thyroid, adrenal cortex, and parathyroid glands. Dual-energy X-ray 

absorptiometry was used to diagnose low bone mass. Assessment of iron overload status was 

performed by measuring the serum ferritin concentration and the results of magnetic resonance 

imaging T2*. Growth retardation was found in 16 of the 28 studied patients (57 %). Thirteen 

among them had delayed puberty. Spontaneous puberty was achieved in 16 cases. Growth 

hormone (GH) deficiency was found in 10 cases (35 %). Seventeen among the studied patients 

(60 %) developed disorders of glucose homeostasis. Subclinical hypothyroidism was found in six 

patients (21 %). Intensive chelation therapy had allowed the reversibility of this complication in 

five cases. Adrenal Insufficiency was observed in 9 cases (32%). Hypoparathyroidism has 

occurred in one case. Ten of the 28 studied patients had low bone mass (35%). Twenty-three of 

the 28 studied patients (82%) had at least one endocrine complication. 
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Introduction. Long-term transfusion regimen 

associated with optimal chelation therapy guided 

by magnetic resonance imaging (MRI T2*) 

technology has dramatically improved life 

expectancy in patients with -TM.1 This 

hemoglobinopathy, which once incompatible with 

prolonged survival has become a chronic disease 

compatible with prolonged survival. Endocrine  

disorders are among the most common 

complications in multi-transfused -thalassemia 

major. They represent a leading cause of morbidity 

and have a significant impact on the quality of life 

of patients suffering from it.2 To our knowledge; 

this is the first single center study reporting 

endocrine disorders in Tunisian -thalassemia 

major patients.  
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Patients and Methods. Twenty-eight 

polytransfused thalassemia major patients older 

than ten years (19 ± 4,54) followed in the pediatric 

Immuno-hematology Department of the Bone 

Marrow Transplantation during a 13-year period 

were enrolled in the study. The diagnosis of -TM 

was established by the finding of microcytic 

hypochromic anemia, hemoglobin analysis before 

blood transfusion that revealed increased amounts 

of hemoglobin F and genetic testing. All subjects 

were transfused every 3 ₋ 4 weeks with packed red 

cell since early years of life in an attempt to keep 

their pretransfusion hemoglobin above 9.5 g/dl.  

 For each patient were specified demographic 

and clinical data (family history, age, sex, origin, 

consanguinity, age at diagnosis, age at the first 

blood transfusion, anthropometric parameters); 

transfusion requirements and complications related 

to secondary hemochromatosis; chelating therapy 

(date of onset, type of chelation, modalities).  

 The size was taken using the DETECTO metal 

gauge. The target size was calculated as the 

average of the parents' heights plus 6.5 cm for 

boys or minus 6.5 cm for girls. Adult height was 

considered to be attained when growth during the 

preceding year was less than 1 cm, with a bone 

age of over 15 years. Pubertal stages were 

assessed according to Tanner and Marshall.4 

Arrested puberty is characterized by a lack of 

pubertal progression over a year or more. Short 

stature is defined as height less than two standard 

deviations (SDs) below the mean for age and 

gender.3 Body mass index (BMI) was calculated as 

weight (kg) divided by the square of the height 

(m2) using reference charts for boys and girls. 

Blood glucose was determined using the glucose 

oxidase method on a Beckman Glucose Analyzer. 

Carbohydrate metabolism disorders were assessed 

according to the American Diabetes Association 

(ADA).5 

 All patients underwent hormonal evaluation 

testing including somatotropic, gonadotropic, 

corticotropic, thyrotropic and parathyroid glands. 

Evaluation of the GH/IGF-1 axis was performed 

by GH stimulation tests as well as the insulin-like 

growth factor (IGF-1) and insulin-like growth 

factor-binding-protein (IGFBP) concentrations 

compared to norms for age and sex.6 The 

diagnosis of GH deficiency was established on an 

insufficient peak (less than 20 mIU /L) in response 

to two separate pharmacological stimuli (insulin 

tolerance and glucagon-propranolol tests). 

Subjects were arbitrarily classified according to 

GH peak in partial GH deficiency (GH peak 

between 10 and 20 mIU /L) and a total deficit if 

the values are less than 10 mIU/L. All subjects 

underwent a basal cortisolemia and after 

intramuscular injection of adrenocorticotropic 

hormone (Synacthen® test: 250 μg). An abnormal 

response (a serum cortisol peak below 550 nmol/L 

or an increment of less than 200 nmol/L from 

baseline or both) identifies adrenal insufficiency. 

Thyroid function was assessed by measuring free 

thyroxine (FT4) and thyrotrophic hormone (TSH). 

Subclinical hypothyroidism is defined as a 

combination of high TSH (≥ 5 mIU/L) with 

normal FT4 levels. 

 Skeletal age was evaluated according to 

Greulich-Pyle atlas.7 Bone mineral density (BMD) 

was performed by Dual-energy x-ray 

absorptiometry (DXA) on L1-L4 lumbar spine and 

total hips. Low bone mass was defined as Z-score 

values of –2.0 SDs or lower.  

Iron overload was assessed using the mean 

serum ferritin levels and the MRI T2*. Cardiac and 

liver T2*were assessed by a validated technique 

based on MRI relaxometry at 1.5 T. For the heart 

T2* images, all patients underwent a single breath 

hold multiecho bright blood sequence with 

variable echo times (TEs). For the liver, a single 

axial slice was obtained in the center of the organ 

using a multiecho sequence, and a single breath 

hold was used to obtain images with the same 

parameters. Excel spreadsheet was used for image 

analysis and measurement of T2*. Images were 

imported into a software for the region of interest 

(ROI) drawing. For the heart, signal intensity was 

obtained using an ROI drawn through the full 

thickness of the septum wall of the myocardial 

short axis image. For the liver, the signal intensity 

was also provided using an ROI covering the right 

lobe of the liver parenchyma and avoiding major 

vessels. The same ROI was copied across all 

images for each organ. Each image generated the 

values of both signal intensity (SI) and TEs which 

were manually inputted into an Excel spreadsheet. 

The mean signal intensity in each slice with 

varying TEs was used to fit the T2* curve using 

the formula SI = Ke–TE/T2* in the spreadsheet. A 

curve-fitting truncation model consisting of a 

monoexponential decay curve with a linear fit was 

applied. Excel was applied as previously 

described.8 Myocardial ion concentration (MIC) 

was evacuated using Carpenter curves.9 Liver iron 
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concentration (LIC) was calculated using Hankins 

curves.10 Values of cardiac T2* (CT2*) <20 ms 

were considered to indicate cardiac siderosis 

which was classified as moderate (10 ms< CT2* 

<20 ms) and severe (CT2* <10 ms).9 LIC >3 mg/g 

dry weight (dw) was considered to indicate liver 

siderosis which was classified on mild (3 < LIC <7 

mg/g dw). Moderate (7< LIC <15 mg/g dw) and 

severe (LIC >15 mg/g dw).11 Serum ferritin (SF) 

concentration was measured every 3 months using 

standard enzyme immunoassay. The 12-month 

mean SF value was considered.  

 The iron chelating treatments used were 

subcutaneous deferoxamine (Desferal®), 

administered in two repeated doses (40 

mg/kg/day) 5-days-per-week, and oral chelators 

namely deferasirox in a single dose (20 - 40 

mg/kg/day)  and deferiprone in 3 daily taken 

(75 - 100 mg/kg/day). The combined treatment 

consisted of combining deferoxamine with oral 

iron chelation. A group of 13 healthy subjects was 

used for control.  

 Written informed consent was obtained from 

the patients or their parents. 

 Statistical analysis: All statistical procedures 

were performed using SPSS version 18.0. Results 

are presented in mean ± SDs. Pearson correlation 

analysis and unpaired T student`s test were used. P 

value < 0.05 was considered statistically 

significant. 

 

Results. The most recurrent mutation (SNP) 

single-nucleotide polymorphism) found was Cd 39 

(C > T) in 42 %, IVS-I-110 (G>A) in 33%, Cd 6 

(A>T) in 8 %, and Cd 30 (G>C) in 4 % of patients.  

 Growth: sixteen (57%) of the studied patients 

had growth velocity standard deviation score less 

than -2SDs. Among them, thirteen had a pubertal 

delay. Bone maturation delay was present in all 

cases. Bone age delay and chronological age were 

over one year in all patients. In the absence of 

growth hormone deficiency, height changes with 

sex and age are illustrated in figure 1. Curves 

show that most children have a normal growth 

pattern up to the age of 9 years, and a reduced or 

absent height gain during puberty, which is more 

marked in boys than in girls. Circulating IGF-1 

levels were significantly lower than controls (p = 

0.00) (Figure 2).  

Somatotropic function: GH provocation tests 

showed an average peak GH levels in 18 patients 

(40.22 ± 21.7 m IU/L; range (21₋129). Ten 

patients (35%) had GH deficiency, among them a 

partial GH deficiency was found in 5 cases (16.14 

mIU/L ± 2.87; range 3.7₋ 6.7) and a severe GH 

deficiency was demonstrated in 5 other cases (5.16 

mIU/L ± 1.35; range 13.7₋ 19.7). Growth 

assessment for patients with complete GH 

deficiency showed that of the 3 patients who had 

attained the adult age the parental target size was 

reached in only one case. In patients with partial 

GH deficiency, statural growth was normal in 3 

cases. Only one patient had a complete GH 

deficiency in contrast to normal IGF-1 level. Risk 

factors, probably related to the occurrence of GH 

deficiency, are: a history of splenectomy (p = 

0.000), association with adrenal insufficiency (p = 

0.042), low bone mass (p = 0.037). The levels of 

IGF-1 and IGFBP were significantly lower in 

patients with GH deficiency than those without  

(p= 0.008 and 0.037 respectively).  

 Puberty: spontaneous onset of puberty was 

obtained in 16 cases (9 boys and 7 girls) at a mean 

age of 15 years for boys (range 14-16 years) and 

13 years for girls (range 11-15 years). Adult height 

was reached in 7 cases (5 boys and 2 girls) at a 

mean age of 20 years for boys (range 17-22 years) 

and 17 years for girls. Twelve of the studied 

 
Figure 1. Mean changes in height for sex and age. 
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 Figure 2. Distribution of IGF-1 values by age and sex. 

 

patients (42%) had a delayed puberty and 

hypogonadism requiring lifelong hormone 

replacement therapy. Lack of pubertal progression 

was observed in 4 cases (2 girls and 2 boys), the 

absence of the onset of pubertal development in 6 

cases (5 boys and one girl) and a primary 

amenorrhea in two other cases. Factors associated 

with pubertal disorders are transfusion 

requirements before chelating therapy (p = 0.042) 

and myocardial iron assessment by MRI T2* (p = 

0.037). 

 Carbohydrate metabolism: seventeen of the 

studied patients (60%) had disturbances of glucose 

homeostasis with an impaired fasting glycemia in 

four cases, impaired glucose tolerance in eight and 

diabetes mellitus in five. All of them except one 

had been diagnosed after the age of 10. Diabetes 

was preceded by a pre-diabetic stage in all cases 

with an average of 7 years (1 - 8). The mean age at 

the time of diagnosis was 20 ± 3.4 years (12 - 15). 

No significant difference was seen between males 

and females in the prevalence of diabetes mellitus. 

All diabetic patients had a family history of type I 

or type II diabetes in their siblings, parents or 

grandparents. The mean body mass index of 

diabetic patients was 19 ± 2.41 kg / m² (16.24-25). 

Overweight was noted in one patient. Two cases 

had first presented with diabetic ketoacidosis. Islet 

cell antibodies, insulin autoantibodies, and anti-

glutamate decarboxylase were negative in all 

cases. Sixteen patients were splenectomized. 

Serum ferritin level in -TM patients with diabetes 

and those without a history of diabetes were not 

significantly different. Severe cardiac loading 

(CT2* ≤10ms) was present in seven patients, and 

10 patients had a severe iron deposition in the liver 

(LIC >15 mg/g dw). All patients had metformin as 

an antidiabetic agent associated with combined 

intensive iron chelation therapy during a mean 

follow-up of 3 years (1-6 years). Risk factors of 
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carbohydrate metabolism disorders were: age at 

onset of chelation therapy (p = 0.025) and 

ferritinemia. In fact, patients with carbohydrate 

metabolism disorders had a higher average ferritin 

level than those without, and the difference was 

statistically significant (p = 0.03).  

 Thyroid function: subclinical hypothyroidism 

was found in six patients (mean age 17 ± 3.14 

years range 14 – 16) (mean TSH levels 5.97 ± 1.31 

m IU /L range 5-9). Antithyroid antibodies were 

negative in all cases. Mean serum ferritin level 

was 1405.8 ± 441.93 µg / l. Severe cardiac loading 

(CT2* ≤10ms) were seen in 3 cases, and severe 

liver loading (LIC >15 mg/g dw) was observed in 

4 cases. Only one patient required hormone 

replacement therapy with levothyroxine. In all 

other cases, combined chelation therapy allowed 

the normalization of thyroid hormone levels.  

 Adrenal function: the cortisol peak was normal 

in 19 patients after ACTH stimulation. Nine 

patients (32%) had adrenal insufficiency with a 

mean cortisol peak of 413.93 ± 82.76 nmol/L 

(range 309 -463 ). No patient was symptomatic. A 

polyendocrinopathy was found in all cases. All 

patients had combined chelation therapy with 

deferoxamine and deferasirox or deferiprone. 

Splenectomy was performed in all cases. None of 

them had received corticosteroid replacement 

therapy. Mean serum ferritin was 1,391.88 ± 

661µg / l. Severe hepatic and cardiac loading was 

noticed in three patients. Factors associated with 

the occurrence of adrenal insufficiency were age 

(p = 0.033), history of splenectomy (p = 0.031), 

number of transfusions received (p = 0.034), and 

associated GH deficiency (p = 0.042). 

 Phosphocalcic metabolism and low bone mass: 

out of 28 patients, only one girl was found to have 

hypoparathyroidism. The mean age at diagnosis 

was 17 years. The patient initially complained of 

extremity paresthesias, mean serum calcium was 

1.6 mmol/L (range 1.7 -1.9). Serum parathyroid 

hormone (PTH) level was low, 2 pg / ml (normal: 

12-72). Among the 28 studied patients, 16 had 

decreased bone mineral density. Low bone mass 

was found in ten patients predominantly male (7 

patients). All patients had one or more associated 

endocrinopathy. Factors related to the 

development of low bone mass include: 

hypothyroidism (p = 0.007), GH deficiency (p = 

0.037), decreased IGF-1 levels (p = 0.002), and 

iron overload on cardiac (p = 0.021) and liver (p = 

0.002) T2* MRI. 

 Associated endocrinopathies: five among the 

studied patients had no endocrine disorder, and 23 

(82%) had at least one endocrinopathy with one 

endocrinopathy in six cases, two in eight cases, 

three in four cases and four in five cases. The 

mean age of these patients was 18.4 ± 1.3 years. 

The prevalence rates of endocrine disorders are 

shown in Table 1. There was a significant 

difference between mean serum ferritin in 

thalassemic patients with endocrine complications 

(1660 ± 1208 μg /l) and those without 

endocrinopathies (1166 ± 823 μg/l): p = 0.01. 

 
Table 1. Endocrine disorders according to their number 

Associated endocrinopathies 1 2 3 4 

Delayed puberty 2 3 4 3 

Disturbances of glucose 

homeostasis 
3 6 3 5 

Adrenal insufficiency  1 3 1 4 

Hypothyroïdism 0 1 2 3 

GH deficiency 0 3 2 4 

Hypoparathyroïdism 0 0 0 1 

 

Discussion. Endocrine abnormalities are 

widespread among multi‑transfused  -TM 

patients. The most frequent endocrine 

complications reported are growth retardation, 

delayed puberty, hypogonadism, carbohydrate 

metabolism disorders, impaired thyroid, 

parathyroid and adrenal functions. These 

complications are largely explained by the toxic 

effect of iron overload secondary to chronic blood 

transfusions because the human body lacks a 

mechanism to excrete excess iron.12 The 

pathogenesis of the statural delay in -TM patients 

is multifactorial.13 In our study, in agreement with 

the findings of Skordis et al.,14 growth disorders 

varied depending on age at presentation. In early 

childhood, growth retardation is mainly due to 

hypoxia, anemia, ineffective erythropoiesis and 

nutritional factors. During late childhood, iron 

overload affecting GH-IGF-1 axis and other 

potential endocrine complications are the main 

factors affecting growth. After 11 years of age, 

delayed or arrested puberty is an important 

contributing factor to growth failure. In 

accordance with other studies, maintaining a 

pretransfusion hemoglobin level above 9–10.5 g/ 

dl promotes normal growth during the first years 

of life for the majority of patients in our study. 

Total growth hormone deficiency is an associated 

factor that may contribute to the growth delay in 
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patients with -thalassemia major. In our study, 

we found that five out of 28 patients had complete 

growth hormone deficiency. Four of them had a 

height below the average of 2 standard deviations. 

On the other hand, among the five patients with 

partial growth hormone deficiency, four had 

normal growth rate suggesting the likely 

secondary origin of growth hormone deficiency in 

-thalassemia major patients. Several studies 

assessed the GHRH-GH-IGF-1 axis function 

pointing out its impairment in a large number of 

short patients. Neurosecretory GH disorders with 

different prevalence are reported in thalassemia 

patients with short stature while contradictory data 

are available on GH reserve. It was reported 

normal or reduced with a wide variability (8-80%) 

in short patients, due to defects in the pituitary 

gland and/or in the hypothalamus15. Other authors 

have reported normal GH and GHBP levels but 

low levels of IGF-1 and IGFBP which did not 

properly increase with IGF-1 generation test, 

suggesting that insensitivity to GH action may be 

the cause of abnormal growth.16 The reduction of 

serum IGF-1 levels in -TM with no growth 

hormone deficiency in the different stimulation 

tests supports these findings.17,18 However, a lack 

of correlation between IGF-1, IGFBP, and height 

SDS in -TM children with growth failure may 

indicate that growth failure is not specifically 

related to GH-IGF- 1 axis. In accordance with 

what has been described, we have found IGF-1 

levels to be significantly lower compared to 

controls without any growth hormone deficiency. 

Also, patients with growth hormone deficiency 

had lower levels of IGF-1 than non-deficient 

patients. Hypogonadotropic hypogonadism, is the 

most frequent endocrinopathy in patients with 

transfusion-dependent thalassemia.19,20 In male 

patients, clinical presentations of 

hypogonadotropic hypogonadism include lack, 

delay, and/or block of pubertal sexual maturation 

and, in adult life, decreased libido, erectile 

dysfunction, worsened sense of well-being, and 

lower quality of life. Spermatogenesis is impaired, 

and the volume of ejaculate is decreased. In 

female patients, hypogonadism is clinically 

diagnosed by the absence of pubertal development 

or discontinuation or regression of the maturation 

of secondary sex characteristics.20 Low serum 

concentrations of sex hormones and gonadotropins 

confirm the diagnosis. Several questions were 

asked about their diagnosis, their central or 

peripheral origin and their reversibility to the 

intensification of the iron chelating treatment. The 

GnRH (gonadotrophin-releasing hormone) test is 

unhelpful in the clinical assessment of the 

hypothalamic-pituitary axis in -TM patients 

especially when the chronological and bone ages 

have not reached pubertal levels. The ability of the 

testes to produce testosterone under the 

stimulatory effect of chorionic gonadotropins 

reflecting the hypophyseal origin of 

hypogonadism. Among girls, pubertal anomalies 

are mainly represented by menstrual cycle 

disorders. According to a study by Borgna-Pignatti 

et al.,21 studying 118 patients with -TM, only 23 

(19.4%) had spontaneous menarche. Our study has 

shown that nearly two-thirds of patients have 

carbohydrate metabolism disorders. According to 

the ADA criteria, 12 patients (42%) had a pre-

diabetic state with impaired glucose tolerance and 

impaired fasting glucose, while five patients had 

developed diabetes. However, none of them 

required insulin therapy. The incidence of pre-

diabetic state is considerably higher than the rate 

of patients developing IDDM which is 4.2% 

according to a recent study by Bejaoui et al. in a 

Tunisian multicenter study.22 The higher 

prevalence in our study could be related to the age 

of patients being studied, with lower rates in 

younger patients. Indeed, according to the French 

national register, among 215 -TM, diabetes was 

found in 13 patients (6%).23 According to the same 

register, it goes from 1.3%, for patients less than 

15 years of age, to 4.1% for those between 15 and 

24, reaching more than 11% for  those above 25  

years. The pathogenesis of diabetes in -TM 

patients is not fully understood. Studies report the 

early occurrence of insulin resistance and 

hyperinsulinemia leading to IGT.2427 With age, the 

persistence of insulin resistance exhausts β-cells 

and reduces insulin secretion leading to DM. 

However, other studies report that a defective 

insulin secretion resulting from toxic effects of 

iron deposition in the pancreas may precede the 

development of glucose intolerance. As described 

before, myocardial and hepatic T2* values were 

significantly higher among patients with 

carbohydrate metabolism disorders. Diabetes is 

often associated with other endocrinopathies. Six 

(21%) among the studied patients had primary 

hypothyroidism (3 girls and 3 boys) with a mean 

age of 17 ± 3.14 years. Thyroid dysfunction has 

been reported in 13–60% of patients with 
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thalassemia, but its severity is variable in different 

series. These discrepancies cannot be attributed to 

differences in patients' ages, but rather to 

difference treatment protocols, including differing 

transfusion rates and chelation therapies.28 Milder 

forms of thyroid dysfunction are much more 

common.29-31 Subclinical hypothyroidism was 

found in all cases with thyroid levels mean of 5.97 

± 1.31 m IU / L. According to others,32 antithyroid 

antibodies were negative in all cases. Mean serum 

ferritin level was 1405.8 ± 441.93 ng / ml. Severe 

overload was shown in 3 cases on Cardiac T2* 

analysis, and liver overload in 4 cases. Only one 

patient required hormone replacement therapy 

with levothyroxine. In all other cases, combined 

chelation treatment allowed the normalization of 

thyroid hormone levels. In a large prospective 

study, hypogonadism was diagnosed in 86% of 

patients, hypoparathyroidism in 23% of patients, 

and hypothyroidism in 18% of cases. Among 5 

diabetic studied patients, pubertal development 

delay was found in 4 cases, GH deficiency in two 

cases and subclinical hypothyroidism in 2 cases. 

Adrenal insufficiency is not a rare complication in 

-TM. However, it is of little or no clinical impact 

under basal conditions. Accordingly, 

glucocorticoid replacement therapy might be 

advised only for stressful conditions.33 HPT has 

been considered as a typical complication of the 

second decade of life in transfusion-dependent 

patients with TM. It is thought to be mainly the 

consequence of iron deposition in the parathyroid 

glands. In most patients the onset of HPT was 

preceded or followed by other endocrine 

complications.34 The patient with hypo-

parathyroidism had a total absence of 

pubertal development, diabetes and low bone 

mass. Low bone mass represents a prominent 

cause of morbidity among young adults of both 

genders with -TM and the incidence of low bone 

mass in well treated -TM patients has been found 

to be approximately 40–50%. In addition to 

genetic factors, bone marrow expansion, direct 

iron toxicity to osteoblasts, deferoxamine iron 

chelation, and endocrine gland involvement appear 

to play a major role. According to others, bone 

mineral density was significantly lower in -TM 

patients with endocrinopathy. Subclinical 

impairment of adrenocortical function in patients 

with -TM is not uncommon, however, it is of 

little or no clinical impact under basal conditions 

but may have a potential relevance during stressful 

events. Accordingly, glucocorticoid treatment 

coverage might be advised only for stressful 

conditions. Clinical adrenal insufficiency and 

adrenal crisis are very rare. Parathyroid 

insufficiency is a rare and late complication of iron 

overload.35 Most patients are asymptomatic or has 

moderate impairment, requiring thus  a periodic 

follow-up of the phosphocalcic balance in -TM 

patients. This complication is often associated 

with other endocrinopathies that they always 

precede. Our patient with hypoparathyroidism had 

a total absence of pubertal development, diabetes 

and low bone mass. With longer life expectancy, 

low bone mass becomes increasingly marked. Our 

study revealed that 35% of the patients had low 

bone mass. According to others, we found the 

bone mineral density is significantly lower in 

patients with associated endocrinopathy. Our study 

showed higher prevalence of multiple endocrine 

complications than that recently reported by De 

Sanctus et al.32 However, the percentage of 

patients without multiple endocrine complications 

is similar in the two study groups. 

 

Conclusions. Endocrine and metabolic disorders 

are very common among multi-transfused -TM 

patients. Ferritin concentrations are not a reliable 

predictor of these complications. Patients with 

evidence of cardiac iron overload have more 

frequently endocrinopathies. This suggests that 

tissue iron loading is a crucial factor in leading to 

these disorders. Early detection of these 

abnormalities as well as multidisciplinary 

management with standardized protocols are the 

best means to ensure a better quality of life for 

patients. Moreover, the promise of new chelators 

in development can be viewed with an intelligible 

optimism for a new age of iron chelation therapy.
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