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Prevalence of Growth and Puberty Failure with Respect to Growth
Hormone and Gonadotropins Secretion
in Beta-Thalassemia Major

Heshmat Moayeri MD *, Zohreh Oloomi MD*

Background: Present transfusion protocols have increased .the life expectancy of patients
with B-thalassemia major, but siderosis is a major clinical complication of the treatment. Short
stature and hypogonadism are extremely frequent in patients with thalassemia.

To investigate the influence of age at the onset of blood transfusion, iron chelation therapy, and
serum ferritin levels on growth and pubertal development in thalassemic patients, and the
prevalence of these endocrine complications with respect to pituitary somatotropic and
gonadotropic functions, this study was designed.

Methods: Clinical data of 158 patients (82 females and 76 males) with thalassemia major, aged
10 — 20 years (mean age: 15.1 * 4.8 years) were collected from a pediatric hematology clinic in
Tehran. Height was measured and stages of puberty were determined by a pediatric
endocrinologist. Serum ferritin concentration, liver function tests, serum calcium and phosphorus,
blood sugar, free thyroxine (FT4), TSH, FSH, LH, dehydroepiandrosterone sulfate, testosterone (in
boys), estradiol (in girls), and insulin-like growth factor | were measured after overnight fasting. In
patients with a height more than 2 standard deviation below the mean, the growth hormone
stimulation test was considered. Bone age was determined in all patients.

Results: Thalassemic patients in this study. showed a high prevalence of short stature (62%)
and hypogonadism (69%). We found a low serum level of gonadotropins (FSH and LH) in over 14-
year-old patients with impaired puberty, which indicated that hypogonadotropic hypogonadism is
responsible for this complication: Results of growth hormone provocative tests and serum insulin-
like growth factor | levels in short stature patients showed a reduced growth hormone response in
38% and low insulin-like growth factor | levels in 42% of thalassemic patients. Short stature and
hypogonadism were more common in patients with serum ferritin levels above 2000 ug/L and these
complications were significantly more frequent in patients who started treatment later than that of
the patients who started treatment in the first years of life (P < 0.001).

Conclusion: Short stature and hypogonadism are extremely frequent in our patients with
thalassemia, but correct blood transfusion and appropriate iron chelation therapy can prevent or
limit these complications. These data support the need for vigilant follow-up of patients with
thalassemia in‘order to treat endocrine dysfunction at an appropriate age.
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parenchyma, causing important oxidative damage,
mostly to the heart, liver, and endocrine glands. **

Researchers have documented evidence of
hypothalamic-pituitary ~dysfunction, hypothyroi-
dism, hypoparathyroidism, adrenal insufficiency,
and diabetes mellitus in patients with -thalassemia
major. >~ ' The amount of iron deposits has been
the principal factor responsible for the clinical
complications of the disease."”

It is often difficult to differentiate temporary
constitutional delay in puberty from permanent
hypogonadotropic hypogonadism. No single test
clearly distinguishes constitutional delay in
puberty from true hypogonadism.

Gonadotropin releasing hormone (GnRH)
testing has been studied extensively in pubertal
delay, but may not clarify whether an individual
will eventually progress in puberty or will have a
permanent defect.

The classic pattern of constitutional growth
delay is normal birth weight and length. A subtle
decrease in growth velocity occurs about second
year of life. Thereafter, stature remains below the
fifth percentile through childhood. However,
growth velocity remains appropriate for the
skeletal age.

An increase in serum dehydroepiandrosterone
sulfate (DHEAS) concentration at an appropriate
age without an increase in the concentration of
serum gonadotropins and gonadal steroids at the
expected time of gonadarche is said to occur in
hypogonadotropic hypogonadism; whereas a delay
in both adrenarche and gonadarche occurs in
constitutional delay in puberty.'®'*

Linear growth is considered.tor be decreased
when a child’s height.falls. more than 2 standard
deviation (SD) below: the mean height for age and
when the patient’s linear growth velocity
diminishes to less than.4cm /year or when a child’s
growth pattern clearly deviates from that of
parents. In these cases the child is small for mid-
parental size.

Lack of pubertal development is diagnosed
when testicles do not enlarge greater than 2.5 cm in
the longest diameter in boys older than 14 years, or
breasts do not develop in girls older than 13 years.

To date few studies focusing on the prevalence
of short stature and failure of puberty with respect
to growth hormone (GH) and gonadotropins (FSH
and LH) secretion in patients with B-thalassemia
major have been conducted in Iran.

We conducted this study among a group of
thalassemic patients in Tehran to evaluate the

The prevalence of growth and puberty failure with respect to GH and

gonadotropins secretion in B-thalassemia major

influence of age at the onset of blood transfusion,
iron chelation therapy, and serum ferritin levels on
growth and pubertal development, and the
prevalence of these endocrine complications with
respect to pituitary somatotropic and gonadotropic
functions.

Patients and Methods

We collected the clinical information of 158
patients (82 females and 76 males) with B-
thalassemia major who referred to the Pediatric
Hematology Clinics 'of Tehran University of
Medical Sciences and filled the questionnaires.
The patients aged between 10 — 20 years (mean:
15.1 = 4.8 years), and all were residents of Tehran.
We followed up the patients for at least one year in
the PediatricsEndocrine Clinic for estimation of
growth.rate and pubertal status. The mean height
SD values were -2.9 + 1.1 cm in females and -3.2 +
1.2 cm in male patients.

Medical treatment

In all patients blood transfusion had been
started from infancy up to the 6th year of life
(mean of 2.5 £ 1.8 years), to maintain the
posttransfusion hemoglobolin level above 9 — 9.5
g/dL.

Chelation therapy with desferoxamine (DFX)
had been started in patients over 2.5-year-old
(mean age of 5.8 + 1.8 years), with serum ferritin
concentrations greater than 1000 pg/L. The dose of
DFX had been 30 — 50 mg/kg/day subcutaneously,
5 — 6 nights a week. The mean serum ferritin level
in the studied patients was 3200 + 1610 pg/L.

In boys aged 14 or older who showed no signs
of puberty, a course of testosterone enanthate (100
mg intramuscularly every 4 weeks) for 4 — 6
months, and in girls aged 13 or older, a course of
ethinylestradiol (5pg/day orally) for 3 — 4 months
was used to initiate maturation of the secondary
sexual characteristics.'*

Methods

We collected the data about the age, sex, birth
length, parental heights, the age of the puberty for
each parent, and the age the blood transfusion and
iron chelation therapy was started. All data were
processed by the same supervisor.

Height was measured using an age-appropriate
stadiometer. All measurements were obtained in
cm and transformed into standard deviation scores
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(SDS)!, according to the Tanner and Whitehouse
guideline."

Because genetic factors are very important
determinants of growth and height potential, it is
always worthwhile to compare patients’ stature
with that of the siblings and parents. '*'* So the
measured parental heights were used to calculate
Target Height (TH) for each patient as follow:

e For males: (father’s height + mother’s
height)/2 + 6.5 cm;

e For females: (father’s height + mother’s
height) /2 — 6.5 cm.

Stages of puberty were determined according to
the classification of Marshall and Tanner.

Serum analysis

We drew a blood sample between 7 and 9 AM
from all the participants after 12 — 14 hr of
overnight fasting. We then requested serum ferritin
concentration, liver function tests, serum calcium
and phosphorus, T4, TSH, Insulin-like growth
factor I (IGF-I), and blood sugar. Serum DHEAS,
testosterone (in boys), estradiol (in girls), FSH, and
LH were also measured in girls over 13 years and
in boys over 14 years. We determined bone age in
all patients as well.

After excluding constitutional growth delay.in
euthyroid patients who had pathologic shott stature
(height more than 3SD below the mean) or a slow
growth rate (< 4 cm/year), two' provocative GH
tests (L-dopa; 10 — 30 kg: 250 mg, >30 kg: 500
mg; clonidine; 0.15 mg/m2 insulin; 0.05 — 0.1
unit/kg) were performed and samples were taken 0,
30, 60, and 90 minutes vafter applying the
stimulus.'®

In patients with a bone age greater than 10 year
the GH provocative tests were performed after sex
steroid priming.(ethinylestradiol 10 pg once daily
orally for 3 days in girls.and testosterone enanthate
100 mg in 72 hr before the test in boys). °

GH deficiency was considered whenever a
patient had a severely short stature (height more
than 3SD below the mean), a subnormal growth
rate, or delayed bone age. The diagnosis was
confirmed when the peak GH concentration failed

X =Y
SD

X= patient’s height

Y= mean height for normal children at this age and sex

SD= standard deviation of height for normal children at this age and
sex

! SDs=
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to reach 10 ng/mL after two consecutive
provocative GH tests.

Hypogonadotropic hypogonadism was
considered if a boy greater than 14 years, or a girl
greater than 13 years had one of the following
criteria:

1) he/she was in stage I according to Marshall
and Tanner classification,

2) his/her growth velocity was not appropriate
for the skeletal age,

3) had an increase in serum DHEAS (normal
adrenarche) with low serum FSH, LH, and gonadal
steroids (delayed gonadarche), and

4) if during the 3 to 6 months after
discontinuing gonadal steroid therapy (maximum
of two courses), spontaneous puberty does not
ensue, —or . the concentrations of plasma
gonadotropins and plasma testosterone in boys or
plasma estradiol in girls do not increase towards
pubertal values.

Ethical consideration

This study was conducted in accordance with
the guidelines described for thalassemic patients
and informed consent was obtained in all cases.
The study was approved by the Ethical Committee
of Thalassemia Research Center of Tehran
University of Medical Sciences, Tehran, Iran.

Statistical analysis

All results were presented as the mean + SD.
We compared variables using Student’s t test, and
Chi-square test. P < 0.05 was considered as
statistically significant.

Results

Short stature was detected in 98 patients (62%)
with thalassemia major (48 [59%] females and 50
[65%] males). Of the 98 patients, 78 were at least
3SD below the mean height (Tablel).

At final evaluation, 54 females and 46 males
were over 14 years. Of them, 62 patients (69%)
showed failure of puberty (33 males [73.2%] and
29 [64.8%] females). As shown in Table 2, the
mean height SDS in females with delayed puberty
was -3.81 £ 1.28 cm, compared to -2.1 + 0.82 cm
in patients with a normal puberty. The mean height
SDS in males with delayed puberty was -4.1 £ 1.58
cm, compared to -2.4 + 0.69 cm in patients with a
normal puberty (P < 0.001).

The mean serum stimulated GH was 5.8 + 3.6
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Table 1. Characteristics by gender for short children (all data are presented as mean + one standard

deviation).

Characteristics Male (n = 50) Female (n = 48)
Age 143+1.6 134+22
Bone age 109+£2.8 11.1£3.1
Height SDS -3.8+2.1 -3.2£26
Growth rate 3.1+14 27+1.5
Maximum stimulated GH (ng/mL) 5.8+3.6 53+34

SDS = standard deviation score.

ng/mL and 5.3 + 3.4 ng/mL in male and female
patients, respectively (Table 1).

Of the 98 patients with short stature, low levels
of IGF-I was detected in 41(42%) and the peak GH
response to stimulation test failed to reach 10
ng/mL in 37 (38%) of them.

The mean serum FSH and LH levels in patients
with  puberty failure were 32 + 22
miliinternational unit (mIU)/mL and 2.1 + 1.45
mlIU/mL, respectively.

In the present study, 16 patients (10.1%) with
diabetes mellitus, 12 patients (7.6%) with
hypoparathyroidism, and 7 patients (4.4%) with
primary hypothyroidism were diagnosed.

Characteristics of the patients with respect to

Soliman et al reported the lack of puberty in
73% of males and 42% of females, between the
age of 13 — 21 years with thalassemia.”’ Borgna-
Pignatti and colleagues reported puberty failure in
38% of females-and 67% of males aged 12 — 18
years.”” In the present study, 73.2% of males and
64.8% of females over 14-year-old with
thalassemia_had hypogonadism. We found a low
serum FSH and LH in most of our patients with
impaired puberty, showing that hypogonadotropic
hypogonadism = secondary to  siderosis is
responsible for this complication. This finding was
similar to'the multicentric study in Italy. *

Short stature has been reported as a common
complication in transfusion-dependent thala-

Table 2. Height SDS* in the studied thalassemic patients with respect to gender.

Height SDS
Female Male
Normal puberty -2.1£0.82 -2.4+0.69
Impaired puberty -3.81 £ 1.28%* -4.1 £ 1.58%*
P value <0.001 <0.001

* = standard deviation score; ** = all data are presented as mean + SD.

the age at the start of blood tramsfusion, iron
chelation therapy, and serum ferritin levels are
shown in Table 3.

Discussion

Endocrine  dysfunctions have been well
described in patients with thalassemia major.* > "

Results of this study show a high prevalence of
short stature (62%)and failure of puberty (69%) in
a sample of thalassemic patients in Tehran.
Hypogonadism is' the most common endocrine
complication in thalassemia.™” A large
multicentric study in Italy conducted on 1861
patients with thalassemia reported hypogonadism
in 4;)% of females and 51% of males over 15 years
old.

ssemia.”> Many factors are involved in the growth
retardation of patients with thalassemia. The main
ones were chronic anemia, iron overload,

hypersplenism, folate deficiency, endocrine
disorders secondary  to  iron  overload
(hypogonadism, hypothyroidism), and bone

dysplasia secondary to DFX toxicity.* ' * GH
secretion is also operative. Studies on GH secretion
in patients with thalassemia have shown both
normal and reduced GH response to stimulation
tests, and reduced spontaneous secretion
(neurosecretory dysfunction).” =%

Low levels of IGF-I, with normal GH
secretion, have also been reported.** **

Treatment with recombinant human growth
hormone (rhGH) in thalassemic patients with GH
deficiency/insufficiency is associated with variable

Table 3. Characteristics of the patients with respect to the onset of treatment and ferritin level.

Normal puberty Impaired puberty P value
Age at the start of transfusion (yr) 1.8+1.2 41+1.8 0.008
Age at the start of chelation therapy (yr) 45+1.5 74+£2.1 0.003
Serum ferritin (ug/L) 2300 + 1900 4100 + 2325 <0.001
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clinical response.> '° Both Soliman et al and
Borgna-Pignatti et al reported short stature in 49%
and 40.6% of the patients with thalassemia,
respectively.”

In this study, 62% of thalassemic patients (65%
of males and 59% of females) were less than 2SD
below the mean for normal height, but severe short
stature (less than 3SD below the mean) was
detected in 49% of them. In this study, results of
GH simulation tests and serum IGF-I level showed
a reduced GH response to two provocative tests
and low serum levels of IGF-1 according to sex
and age in 38% and 42% of thalassemic patients,
respectively. Gulati et al and Theodoridis et al
reported a reduced GH response to provocative
tests in 51% and 20% of thalassemic patients,
respectively.”**

Results of this study show that short stature
and hypogonadism are very common in our
thalassemic patients, mainly in those who have
serum ferritin levels above 2000 pg/L and these
complications were significantly more common in
patients who started treatment later than those who
started treatment in the first years of their lives
(P <0.001).

Some studies suggest that iron chelation
therapy has an important role in gonadic function
and growth in patients with thalassemia major-and
most of the patients who start treatment in the first
years of life and have constantly<good compliance
may show normal growth “and sexual
maturation, ' '%2°

In conclusion, in agreement with other reports,
our data on a population of patients with
thalassemia major indicate that timing of regular
blood transfusion and iron chelation therapy
influence the growthsand puberty in these patients.
Better results are achieved in patients treated in the
first years of life, suggesting the need for newer
protocols for ‘treatment, and optimization of
transfusion and chelation therapy in thalassemic
patients.

Acknowledgment
The authors wish to thank the residents of
Pediatrics Department of Tehran University of

Medical Sciences for their cooperation.

References

1  Fosburg MT, Nathan DG. Treatment of Cooley’s anemia.
Blood. 1990; 76: 435 — 444,

10

11

12

13

14

15

16

17

18

H. Moayeri, Z. Oloomi

Hoftbrand AV, Wonke B. Iron chelation therapy. J Intern
Med Suppl. 1997; 740: 37 — 41.

Britton RS, Ramm GA, Olynyk J, Singh R, O'Neill R,
Bacon BR. Pathophysiology of iron toxicity. Adv Exp
Med Biol. 1994; 356: 239 — 253.

Grundy RG, Wood KA, Savage MO, Evans JPM.
Relationship of endocrinopathy to iron chelation status in
young patients with thalassaemia major. Arch Dis Child.
1994; 71: 128 — 132.

Anoussakis C, Alexiou D, Abatzis D, Bechrakis G.
Endocrinological investigation of pituitary gonadal axis
in thalassaemia major. Acta Paediatr Scan. 1977, 66:
49 - 51.

Tolis G, Politis C, Kontopoulou I, Poulatzas N, Rigas G,
Saridakis C, et al. Pituitary somatotropic and
corticotropic function in patients with beta-thalassemia
on iron chelation therapy. Birth Defects Orig Artic Ser.
1987; 23: 449 — 452.

Sabato AR, De Sanctis/V, Atti G, Capra L, Bagni B,
Vullo <C.. Primary hypothyroidism and the low T3
syndrome in. thalassaemia major. Arch Dis Child. 1983;
58: 120 — 124.

Costin‘G, Kogut MD, Hyman CB, Ortaga JA. Endocrine
abnormalities in thalassemia major. Am J Dis Child.
1979; 133:497 — 502.

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

651 — 656.
Costin G, Kogut MD, Hyman C, Ortega JA.
Carbohydrate metabolism and pancreatic islet-cell

function in thalassemia major. Diabetes. 1997; 26:
230 — 240.

Gamberini MR, Fortini M, Gilli G, Testa MR, De Sanctis
V. Epidemiology and chelation therapy effects on
glucose hemostasis in thalassemic patients. J Pediatr
Endocrinol Metab. 1998; 11 (suppl 3): 867 — 869.
Brittenham GM, Griffith PM, Niehuis AW, McLaren CE,
Young NS, Tucker EE, et al. Efficacy of desferoxamine
in preventing complications of iron overload in patients
with thalassemia major. N Engl J Med. 1994; 331:
567 —573.

Tanner JM, Whitehouse RH. Clinical longitudinal
standards of height, weight, height velocity, and stages of
puberty. Arch Dis Child. 1976; 51: 170 — 179.

Grambach MM, Styne DM. Diagnosis of delayed puberty
and sexual infantilism. In: Williams RH, Larsen PR, ed.
Williams Textbook of Endocrinology. 10th ed.
Philadelphia: Saunders; 2003: 1196 — 1202.

Bridge N. Disorders of puberty: pubertal delay and
pubertal failure. In: Brook CGD, Hindmarsh PC, eds.
Clinical Pediatric Endocrinology. 4th ed. London: Black-
well Science; 2001: 173 — 175.

Dattani MT. Tests in pediatric endocrinology and normal
values. In: Brook CGD, Hindmarsh PC, eds. Clinical
Pediatric Endocrinology. 4th ed. London: Blackwell
Science; 2001; 474 — 475.

De Sanctis V, Caruso-Nicoletti M, Pintor C , Raiola G.
Guidelines for the diagnosis and treatment of
endocrinopathies in thalassemia. Riv Ital Pediatr (I1JP).
1999; 25: 1132 —1137.

Raiola G, Galati MC, De Sanctis V, Caruso-Nicoletti M,
Pintor C, De Simone M, et al. Growth and puberty in
thalassemia major. J Pediatr Endocrinol Metab. 2003;

Archives of Iranian Medicine, Volume 9, Number 4, October 2006 333



19

20

21

22

23

24

25

26

16: 259 — 266.

Berkovitch M, Bistritzer T, Milone SD, Perlman K,
Kucharczyk W, Olivieri NF. Iron deposition in the
anterior pituitary in homozygous beta-thalassemia: MRI
evaluation and correlation with gonadal function. J
Pediatr Endocrinol Metab. 2000; 13: 179 — 184.

No authors listed. Multicentre study on prevalence of
endocrine complications in thalassaemia major. Italian
Working Group on Endocrine Complications in Non-
endocrine Diseases. Clin Endocrinol (Oxf). 1995; 42:
581 — 586.

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

Borgna-Pignatti C, De Stefano P, Zonta L, Vullo C, De
Sanctis V, Melevendi C, et al. Growth and sexual
maturation in thalassemia major. J Pediatr. 1985; 106:
150 — 155.

Karagiorga-Lagana M,  Papadakou-Lagoyanni S,
Pantelakis S, Galati MC. Body growth in Cooley’s
anemia in relation to hemoglobin and ferrtin level.
Latriki. 1980; 38: 38 — 39.

Caruso-Nicoletti M, De Sanctis V, Anastasi S, Cavagnini
F, Pintor C. Guidelines for the auxological follow-up of
thalassemic patients. Riv Ital Pediatr (1JP). 1997; 23:
305 -307.

Leger J, Girot R, Crosnier H, Postel-Vinay MC,
Rappaport R. Normal growth hormone (GH) response to
GH-releasing hormone in children with thalassemia
major before puberty: a possible age-related effect.
J Clin Endocrinol Metab. 1989; 69: 453 — 456.
Chatterjee R, Katz M, Cox T, Bantock H. Evaluation of
growth hormone in thalassaemic boys with failed
puberty:  spontaneous  versus _ provocative . test.
Eur J Pediatr. 1993; 152: 721 — 726.

The prevalence of growth and puberty failure with respect to GH and

27

28

29

30

31

32

33

34

334 Archives of Iranian Medicine, Volume 9, Number 4, October 2006

gonadotropins secretion in B-thalassemia major

Soliman AT, El-Banna N, Ansari BM. GH response to
provocation and circulating IGF-I and IGF binding
protein 3 concentrations, the IGF-I generation test and
clinical response to GH therapy in children with beta-
thalassaemia. Eur J Endocrinol. 1998; 138: 394 — 400.
Roth C, Pekrun A, Bartz M, Jarry H, Eber S, Lakomek
M, et al. Short stature and failure of pubertal
development in thalassaemia major: evidence for
hypothalamic neurosecretory dysfunction of growth
hormone secretion and defective pituitary gonadotropin
secretion. Eur J Pediatr. 1997; 156: 777 — 783.

Shehadeh N, Hazani A, Rudolf MC, Peleg I, Benderly A,
Hochberg Z. Neurosecretory dysfunction of growth
hormone secretion in thalassaemia major.
Acta Paediatr Scand. 1990; 79: 790 — 795.

Saenger P, Schwartz E, Markenson AL, Graziano JH,
Levine LS, New MI, et al. Depressed serum
somatomedin »activity in beta-thalassemia. J Pediatr.
1980; 96: 214 —-218.

Werther GA, Mathews RN, Burger HC, Herington A.
Lack of response of nonsuppressible insulin-like activity
to short term administration of human growth hormone in
thalassemia major. J Clin Endocrinol Metab. 1981; 53:
806 — 809.

De Sanotis'V, Urso L, Galati MC, Mangiagli A. Growth
hormone (GH) treatment in thalassemic patients with
short stature, GH insufficiency, and different severity of
iron overload. Bone Marrow Transplant. 1997; 19 (suppl
2):32 33,

Katzos G, Papakostantinou-Athanasiadou E, Athanasiou-
Metaxa M, Harsoulis F. Growth hormone treatment in
short children with beta-thalassemia major. J Pediatr
Endocrinol Metab. 2000; 13: 163 — 170.

Theodoridis C, Ladis V, Papatheodorou A, Berdousi H,
Palamidou F, Evagelopoulou C, et al. Growth and
management of short stature in thalassemia major. J
Pediatr Endocrinol Metab. 1998; 11: 835 — 844.



