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ABSTRACT

Thalassemia major is a severe progressive hemolytic anemia and a serious medical problem worldwide. En-

docrine dysfunctions are well described in patients with thalassemia major. Data for endocrine complications

from developing countries are scant. Endocrine complications in developing countries may be frequent due to

suboptimal iron chelation. The aim of this study was to evaluate the prevalence of delayed puberty and growth

failure in patients with beta-thalassemia major. We evaluated the growth and sexual development of 146 pati-

ents with thalassemia major aged 10-22 years. The following data were recorded in questionnaire, age, sex,

height, weight, serum ferritin levels and pubertal staging. Failure of puberty was present in 75.6% of boys and

68.4% of girls aged 12-22 years. Gonadotropin insufficiency was found in most of the patients with lack of pu-

berty. There was a significant difference between the height of patients with pubertal development (153 ± 9.1

cm) and those with delayed puberty (140 ± 9.1), (p< 0.001). Short stature was present in 65.7% of patients.

Sixty-nine percent of boys and 62.9% of girls were found to be less than 2 SD below the mean for normal he-

ight; after the age of 12, the percentage was 78.9% in girls and 83.8% in boys after the age of 14. We conc-

lude that failure of puberty and impaired growth are very common in our thalassemic patients which necessita-

tes newer protocols of treatment, correct blood transfusion and chelation therapy.
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ÖZET

Beta-talassemi majörde puberte ve geliflmede gecikme

Talassemi majör, dünya çap›nda sorun olan, önemli progresif bir hemolitik anemidir. Talassemi majörde en-

dokrin bozukluklar iyi tan›mlanm›flt›r. Ancak geliflmekte olan ülkelerde data yetersizdir. Bu ülkelerde suboptimal

demir flelasyonu nedeni ile endokrin komplikasyonlar daha s›k olabilir. Bu çal›flman›n amac› beta-talassemi ma-

jörlü hastalarda gecikmifl puberte ve büyümenin gecikmesini araflt›rmakt›r. On-yirmiiki yafl aras›nda talassemi

majörlü 146 hastada büyüme ve cinsel geliflme araflt›r›ld›. Kullan›lan formda yafl, cinsiyet, boy, kilo, serum fer-

ritin düzeyleri ve pubertal evre sorguland›. Oniki-yirmiiki yafl aras› erkek çocuklar›n %75.6’s›nda, k›zlar›n ise

%68.4’ünde puberte gecikmesi saptand›. Puberte gecikmesi olanlarda gonadotropin yetmezli¤i ön planda idi.

Pubertal gecikme olanlar›n boylar› ile (153 ± 9.1), gecikmifl pubertesi olanlar›n boylar› (140 ± 9.1) aras›nda

anlaml› fark bulundu (p< 0.001). Hastalar›n %65.7’sinde k›sa boy vard›. Oniki yafl üstünde olan erkek çocukla-



INTRODUCTION

Endocrine dysfunctions are well descri-
bed in patients with thalassemia major[1-3].
Investigations have documented evidence of
hypothalamic-pituitary dysfunction, hypothy-
roidism, hypoparathyroidism, adrenal insuf-
ficiency and pancreatic dysfunction[4-9].
Transfusion related iron overload is the pri-
mary therapeutic complication in thalasse-
mia major[1,6]. The use of iron chelating
drugs has been shown to delay the develop-
ment of iron induced damage of cardiac and
liver tissue, resulting in improved survi-
val[1,10]. The ability of desferrioxamine to pre-
vent endocrine damage is less clear[1].

Endocrine problems could result from a
variety of factors. Most studies suggest that
chronic iron over loading secondary to
hypertransfusion therapy is the major cause
of the observed abnormalities[2,11]. Data re-
garding the prevalence of endocrine dysfunc-
tion in patients with thalassemia major in
Iran are lacking. The aim of this study was to
evaluate the prevalence of delayed puberty
and growth failure in patients with beta-tha-
lassemia major.

MATERIALS and METHODS

One hundred and forty-six patients aged
10-22 years (84 males, 62 females) with be-
ta-thalassemia major were studied at the Pe-
diatric Department of Shiraz University of
Medical Sciences. All patients had received
blood transfusion from the age of one month
to 11 years (mean 23.11 ± 26.94 months) to
maintain pretransfusion hemoglobin con-
centration > 9.5 gm/dL. Subcutaneous des-
ferrioxamine was started in patients over 3
years of age with serum ferritin concentrati-
ons greater than 1000 µg/L. At the time of

this study patients were using desferrioxami-
ne by pump (40-50 mg/kg/day, 5 nights/we-
ek). Age, sex, weight and height was recorded
in the patient’s chart. Height was measured
by a single observer using a stadiometer. Pu-
bertal staging was performed by the same
observer and was assessed according to the
criteria of Tanner[12].

Lack of pubertal development was indica-
ted by absence of testes enlargment greater
than 2.5 cm in the longest diameter in boys
and breast development in girls. Serum ferri-
tin concentrations, liver function tests, hepa-
titis B surface antigen (HBsAg) and antibody
against hepatitis C virus (HCV), serum calci-
um, phosphorus and blood sugar were me-
asured. Serum follicule stimulating hormone
(FSH), luteinising hormone (LH) were measu-
red in girls over 12 and boys over 14 years of
age who had not reached puberty. Testoste-
rone was measured in boys over 14 years of
age who had not reached puberty. Blood
samples were taken from patients on a mor-
ning at least 2 weeks after the previous
transfusion. Plasma hormone concentrations
were determined by radioimmunoassay tech-
nique. Statistical analyses were carried out
using student’s t-test, chi-square test and
Pearson correlation co-efficient.

RESULTS

A total of 150 thalassemia major patients
were studied, out of which 4 patients were
excluded because of death. Characteristics
of patients are shown in Table 1. The age of
patients ranged from 10-22 years (mean
14.4 ± 2.79 years). Eighty-four patients
(57.5%) were male and 62 patients (42.5%)
were female. The mean age at the start of
desferrioxamine was 7.14 ± 4 years. The me-
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r›n %69’u ve k›zlar›n %62.9’u normal boyun 2 SD alt›nda, 14 yafl üstünde ise bu oranlar %83.8 ve %78.9 idi.

Sonuç olarak bizim talassemi olgular›m›zda puberte gecikmesi ve boy k›sal›¤› çok s›k olup, sorunun çözümü

için yeni tedavi protokolleri, do¤ru kan transfüzyonu ve flelasyon tedavisi gereklidir.

Anahtar Kelimeler: Beta-thalassemia majör, büyüme, puberte.



an serum ferritin level was 3365 ± 2172 µg/L
(range 270-9980 µg/L). The mean age at the
start of blood transfusion was 23.11 ± 26.94
months (range 1-132 months). Hepatitis B
surface antigen was positive in 4% of patients
and antibody against HCV was positive in
21.5% of patients. The mean weight stan-
dard deviation scores (SDS) was -2.1 ± 0.84
kg. In 43.8% of the patients, weight was be-
low the third percentile for age. The mean he-
ight SDS was -3.17 ± 1.61. The mean height
SDS was -2.81 ± 1.31 cm in boys and -3.04
± 1.24 cm in girls. Short stature was present
in 65.7% of patients (height below the 3rd

percentile for age), 62.9% of girls and 69% of
boys.

The mean height SDS in boys under 14
years was -2.43 ± 1.22 cm while in girls be-
low 12 years it was -2.94 ± 1.56 cm. In girls
above 12 years of age and in boys above 14
years, 78.9% and 83.3% were less than 2 SD
below mean for normal height respectively.
Failure of puberty was present in 75.6% of
the boys over the age of 14 years and in
68.4% of girls over the age of 12 years.
Thirty-eight girls were over 12 years and 37
boys were over 14 years. Testosterone, was
below normal levels in 98% of the boys over
14 years. Spontaneous FSH and LH secreti-
on were prepubertal in 81% and 86% of ado-
lescent patients respectively.
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Table 1. Characteristics of patients with β-thalassemia major

Characteristic Value

M 84 (57.5%)

F 62 (42.5%)

Age of patients, years (mean ± SD) 10-22 (14.4 ± 2.79)

Mean age of start desferrioxamine, years (mean ± SD) 7.14 ± 4

Mean age of start blood transfusion, months (mean ± SD) 23.11 ± 26.94

Serum ferritin, µg/L (mean ± SD)

Whole group 3365 ± 2172

Delayed puberty 3868 ± 2350

Normal puberty 2947 ± 2061

Short stature 65.7% (62.9% F, 69% M)

Failure of puberty 75.6% M, 68.4% F

Ht SDS, cm (mean ± SD)

Whole group - 3.17 ± 1.61

M - 2.81 ± 1.31

F - 3.04 ± 1.24

Patients with puberty - 2.05 ± 0.95 
(p< 0)

Patients without puberty - 4.32 ± 1.42

M patient with puberty - 2.14 ± 0.98 
(p< 0.001)

M patient without puberty - 4.57 ± 1.32

F patient with puberty - 2 ± 0.97 
(p< 0)

F patient without puberty - 4.05 ± 1.5

Ht SDS: Height Standard Deviation Scores, M: Males, F: Females.



Luteinising hormone level was 1.68 ± 1.35
mIU/mL and FSH was 3.73 ± 2.74 mIU/mL.
The mean age at the start of desferrioxamine
for boys with delayed puberty was 6.93 ± 4.1
years while it was 5.9 ± 3 years in boys with
puberty; in girls it was 8.9 ± 4 and 7.23 ± 4
years respectively. The mean height SDS in
boys without puberty and in those with pu-
berty was -4.57 ± 1.32 cm and -2.14 ± 0.98
cm respectively (p< 0.001). The mean height
SDS in girls with delayed puberty and in tho-
se with puberty was -4.05 ± 1.5 cm and -2 ±
0.97 cm respectively (p< 0.001). The mean
serum ferritin level in patients with delayed
puberty was 3868 ± 2350 µg/L while this le-
vel was 2947 ± 2061 µg/L in cases with pu-
berty. This difference was not statistically sig-
nificant (p= 0.12). In 15% of patients with de-
layed puberty, serum ferritin level was below
2500 µg/L and 47.6% of patients with normal
puberty had a serum ferritin level above 2500
µg/L. The mean height SDS in patients with
delayed puberty was -4.32 ± 1.42 cm as com-
pared to -2.05 ± 0.95 cm in patients with pu-
berty (p< 0.001). 

DISCUSSION

Delayed puberty was present in 75.6% of
boys all of whom were above the age of 14 ye-
ars and in 68.4% of girls all of whom were
above the age of 12 years. Soliman et al re-
ported lack of puberty in 73% of boys and
42% of girls, between the ages of 13 and 21
years, with thalassemia major[13]. In a study
by Gulati et al, 10 out of 11 adolescent or yo-
ung adult thalassemic patients had hypogo-
nadism[8]. Pignatti and colleagues reported
the prevalence of lack of puberty in 38% of
females and 67% of males aged 12-18 ye-
ars[14]. Our data indicates that failure of pu-
berty is very common in our thalassemic pa-
tients, mainly in subjects who have serum
ferritin levels above 2500 µg/L. Low gonadot-
ropin secretion in most of our patients with
failure of puberty indicates secondary hypo-
gonadism. Hypogonadism are extremety fre-
quent in patients with thalassemia[15]. Iron
overload has for a long time been considered

to be the major cause of endocrine abnorma-
lities of thalassemia major and this is sup-
ported by histological studies of different en-
docrine glands[1,7,16]. The precise mecha-
nism whereby iron overload causes tissue
damage is not completely understood, tho-
ugh there is evidence of free radical formati-
on and lipid peroxidation resulting in mitoc-
hondrial lysosomal damage. Although the
prognosis for survival is good for patients
with serum ferritin concentrations below
2500 µg/L, 15% of our thalassemic patients
had delayed puberty with serum ferritin le-
vels below 2500 µg/L while 47.6% of our pa-
tients with normal puberty had serum ferri-
tin levels above 2500 µg/L[17]. It is possible
therefore, that there may be other factors
responsible for organ damage. These factors
include: chronic anemia, increased collagen
deposition secondary to increased activity of
the iron dependent protocollagen proline
hydroxylase enzyme, with subsequent dis-
turbed microcirculation in the pancreas and
parathyroids, chronic liver disease secon-
dary to iron overload and viral infections fol-
lowing repeated blood transfusions[7,18,19].

In this study 62.9% of girls and 69% of
boys were less than 2 SD below the mean for
normal height. In a study by Pekrun, et al,
40.6% of thalassemic patients were short in
stature (height below the 3rd percentile)[20].
Soliman, et al reported prevalence of short
stature (less than 2 SD) in 49% of thalasse-
mic patients[13]. Growth retardation has be-
en reported as a common complication in
transfusion dependent thalassemia[14,21].
Although delay in onset of puberty is a com-
mon cause of growth retardation in adoles-
cent thalassemic patients, growth retardati-
on could also be due to iron overload, toxic
effects of desferrioxamine, other endocrino-
pathies, zinc deficiency, malnutrition, ma-
labsorption and insulin like growth factor 1
deficiency[3,14,15,22]. Abnormal body propor-
tions with truncal shortening are commonly
seen and could be due to the disease itself,
iron toxicity and toxic effect of desferrioxami-
ne[3]. Our patients suffered from poor control
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and irregular follow-up. These data confirm
the high prevalence of growth retardation and
pubertal delay in thalassemic patients. It is
suggested that newer protocols of treatment,
optimization of transfusion and chelation the-
rapy be implemented so that such complicati-
ons can be partly or totally prevented.

REFERENCES

1. Grundy RG, Woods KA, Savage MO, Evans JPM.
Relationship of endocrinopathy to iron chelation sta-
tus in young patients with thalassemia major. Arch
Dis Child 1994;71:128-32.

2. Sklar CA, Lew LQ, Yoon DJ, David R. Adrenal func-
tion in thalassemia major following long-term treat-
ment with multiple transfusions and chelation the-
rapy. AJDC 1987;141:327-30.

3. Low LC. Growth, puberty and endocrine function in
beta- thalassemia major. J Pediatr Endocrinol Metab
1997;10:175-84.

4. Pintor C, Cella SG, Manso P, et al. Impaired growth
hormone (GH) response to GH-releasing hormone
in thalassemia major. J Clin Endocrinol Metab 1986;
62:263-7.

5. Cavallo L, Gurrado R, Gallo F, et al. Growth defici-
ency in polytransfused beta-thalassemia patients is
not growth hormone dependent. Clinical Endocrino-
logy 1997;46:701-6.

6. Sabato AR, De Sanctis V, Atti G, et al. Primary
hypothyroidism and the low T3 syndrome in thalas-
semia major. Arch Dis Child 1983;58:120-4.

7. Costin G, Kogut M, Hyman CB, et al. Endocrine ab-
normalities in thalassemia major. AJDC 1979;133:
497-502.

8. Gulati R, Bhatia V, Agarwal SS. Early onset of en-
docrine abnormalities in beta-thalassemia major in a
developing country. J Pediatr Endocrinol Metab
2000;13:651-6.

9. Costin G, Kogut M, Hymen C, et al. Carbohydrate
metabolism and pancreatic islet cell function in tha-
lassemia major. Diabetes 1977;26:230-40.

10. Gamberini MR, Fortini M, Gilli G, et al. Epidemi-
ology and chelation therapy effects on glucose he-
mostasis in thalassemic patients. J Pediatr Endocri-
nol Metab 1998;11(Suppl):3867-9.

11. Modell B, Letsky EA, Flynn DM, et al. Survival and
desferrioxamine in thalassemia major. BMJ 1982;
284:1081-4.

12. Tanner JM. Growth at adolescence. 2nd ed. Oxford
Blackwell Science, 1973:32.

13. Soliman AT, Elzalabany M, Amer M, Ansari BM.
Growth and pubertal development in transfusion de-
pendent children and adolescents with thalassemia
major and sickle cell disease: a comparative study. J
Trop Pediatr 1999;45:23-30.

14. Pignatti CB, De Stefano P, Zonta L, et al. Growth
and sexual maturation in thalassemia major. J Pedi-
atr 1985;106:150-5.

15. Raiola G, Galati MC, De-Sanctis V, et al. Growth
and puberty in thalassemia major. J Pediat Endocri-
nol Metab 2003;16(Suppl 2):259-66.

16. Rahier J, Loozen S, Goebbels RM, Abrahem M. The
haemochromatic human pancreas: a quantitave im-
munohistochemical and ultrastructural study. Diabe-
tologia 1987;30:5-12.

17. Olivieri NF, Nathan DG, Macmillan JH, et al. Survi-
val in medically treated patients with homozygous β-
thalassemia. NEJM 1994;331:574-8.

18. Weintraub LR, Goral A, Grasso J, et al. Collagen bi-
osynthesis in iron overload. Annals of the New York
Academy of Science, 1988;526:179-84.

19. Aldouri MA, Wonke B, Hoffbrand AV. Iron state and
hepatic disease in patients with thalassemia major
treated with long term subcutaneous desferrioxami-
ne. J Clinical Pathology 1987;40:353-9.

20. Pekrun RA, Bartz M, Jarry H, et al. Short stature
and failure of pubertal development in thalassemia
major: evidence for hypothalamic neurosecretory
dysfunction of growth hormone secretion and defec-
tive pituitary gonadotropin secretion. Eur J Pediatric
1997;156:777-83.

21. Caruso Nicoletti M, De-Sanctis V, Cavallo L, et al.
Management of puberty for optimal auxological re-
sults in beta-thalassemia major. J Pediatr Endocrinol
Metab 2001;14(Suppl 2):939-44.

22. De-Sanctis V. Growth and puberty and its manage-
ment in thalassemia. Horm-Res 2002;58(Suppl
1):72-9.

Address for Correspondence:

Hamdollah KARAMIFAR, MD

Department of Pediatrics
Shiraz Medical School
Shiraz, Islamic Republic of, IRAN

Turk J Haematol 2005;22(2):65-69 69

Failure of puberty and linear growth in beta-thalassemia major Karamifar H, Shahriari M, Amirhakimi GH.


