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Growth retardation is a clinical feature of patients with thalassemia major, and 
endocrine studies have frequently revealed the presence of normal growth hormone 
(GH) secretion. The present study was undertaken in 14 prepubertal thalassemic 
children (9 males and 5 females), aged 22712 to 103'12 years, with the aim of evaluating 
GH response to i.v. arginine, oral L-dopa stimulation and insulin-like growth factor-1 
(IGF-1) levels. Eleven patients had peak serum GH levels <7 ng/ml and two patients 
had peak serum GH levels of 7-10 ng/ml with arginine. Similarly, 10 patients had peak 
levels <7 ng/ml and one patient had a peak level of 7-10 ng/ml with L-dopa. Thus, 
nine of the patients had GH deficiency and two had partial GH deficiency. Three 
patients had elevated basal GH values. The serum IGF-1 levels in the patients were 
not statistically different from the levels in the controls, but three patients had low 
IGF-1 values. These findings suggest a defect in the regulatory mechanisms of GH 
secretion. Key words: thalassemia major, growth hormone, Insulin-like growth factor-1.

Growth retardation, once a constant feature of symptomatically transfused 
patients with thalassemia major, has been shown to be closely associated with 
the degree of chronic anemia1-3. Following hypertransfusion regimens keeping 
the hemoglobin (Hb) levels above 10 g/dl, near-normal growth has been reported 
up until the 8-10 year age range, with the pubertal growth spurt often lacking4. 
Transfusion therapy, although increasing the length and quality of life, causes 
lesions due to chronic iron overloading with subsequent organ damage5. 
Attention has thus been focused on endocrine abnormalities and chelation 
therapy6-13.
Endocrine studies in thalassemic patients have frequently revealed the presence 
of normal growth hormone (GH) response to provocative stimuli4-6-11. Growth
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retardation has been attributed to a hepatic defect of insulin-like growth factor-1 
(IGF-1) biosynthesis14-15. Series reported in the literature show differences in 
terms of age, transfusion and chelation characteristics of patients. The present 
study was undertaken to assess GH response to provocative stimuli and IGF-1 
levels in our group of prepubertal thalassémie patients.

Material and Methods

Fourteen children with homozygous beta-thalassemia (9 males and 5 females), 
ranging in age from 22/12 to 103/12 years were studied. The clinical and laboratory 
findings of the patients are shown in Table I. All patients were given frequent 
transfusions beginning in the first two years of life except for patient 4 with 
thalassemia intermedia. As a general rule, blood was given at Hb levels of 9-10 
g/dl. As a result of delays in transfusion, due to incompliance, the mean 
pretransfusion Hb concentration was 7.8 ± 1.0 g/dl. The total units of blood given 
ranged from 9 to 180 (mean 56 ± 53 units). The group was heterogenous in 
respect to chelation treatment with only seven having received s.c. desferrioxa- 
mine during the last 1-4 years. The mean age at the onset of chelation therapy 
was seven, due to problems of compliance and finance. Serum ferritin levels were 
high in all, the average value being 5035 ± 2465 ng/ml. Severe liver disease was 
excluded on the basis of normal protein levels, normal protein electrophoresis 
patterns, normal prothrombin activity in all and only modest elevations of the 
transaminases in some of the patients (mean SGOT 23 ± 13 mll/ml, mean SGPT 
36 ± 28 mU/ml).

TABLE I: Clinical and Laboratory Findings of Patients

• Case 4 excluded.

Case 
No.

Age 
(yrs)

Age at first 
transfusion 

(yrs)

Age at initiation 
of chelation 

(yrs)
Ferritin 
(ng/ml)

Pretransfusion 
Hb (g/dl)

Transfusion load 
(units)

SGOT 
(mU/ml)

SGPT 
(mU/ml)

1. 10 3/12 0 6/12 6 8474 7.5 180 32 64
2. 10 3/12 0 5/12 9 5314 6.0 140 12 19
3. 9 8/12 0 6/12 6 9803 7.0 142 43 68
4. 9 3/12 8 0/12 — 970 7.0 9 8 11
5. 9 0/12 0 6/12 5 4695 8.5 77 23 38
6. 7 11/12 0 7/12 — 5021 6.5 44 19 11
7. 7 10/12 0 10/12 5 5408 8.5 63 17 90
8. 6 4/12 1 10/12 — 3861 7.0 30 27 31
9. 4 8/12 0 6/12 2 5928 9 5 47 51 74

10 3 8/12 0 5/12 2 1930 9.0 28 19 23
11. 2 6/12 0 4/12 — 3188 8.0 15 21 9
12. 2 5/12 1 4/12 — 1772 9.0 13 17 12
13 2 3/12 0 9/12 — — 8.5 16 19 16
14 2 2/12 0 4/12 — — 7.5 16 — —

Mean 6 4/12 0 8/12' 7 5035' 7.8 56 23 36
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The patients were studied at least two weeks after the last transfusion. Height 
and weight were measured and bone age was determined according to the 
standards of Greulich and Pyle16. Arginine and L-dopa stimulation tests were 
performed on two different days to assess GH response. After collection of one 
baseline sample at 0 minutes in the fasting state, all patients received 0.5 g/kg 
arginine as a 10 % solution i.v. over a 30-minute period. Blood was collected at 30, 
60, 90 and 120 minutes. Samples were drawn before and 30, 60,90,120, 180 and 
240 minutes after oral L-dopa administration (patients over 22.5 kg, 500 mg; 11 to 
22.5 kg, 250 mg; below 11 kg, 125 mg). The sera were stored at —20 °C, and 
plasma GH was measured by RIA (double antibody; Diagnostic Products 
Corporation, Los Angeles). Peak levels below 7 ng/ml on both tests were 
indicative of GH deficiency, while having at least one peak level of 7-10 ng/ml was 
accepted as partial GH deficiency. IGF-1 was measured by the immunoradiometric 
method with reagents from the Diagnostic Systems Laboratories. Control 
subjects were a group of healthy, prepubertal children (4 males and 5 females) 
aged 3 to 107/12.

Results
The physical characteristics of the patients are shown in Table II. The bone age 
was significantly lower than the chronological age (p < 0.01) and the height age 
was also significantly lower than the chronological age (p < 0.01). Two of the

TABLE II: Physical Characteristics of Patients
Case 
No. Sex

Age 
(yrs)

Bone Age 
(yrs)

Height age 
(yrs) Height SDS

1. M 10 3/12 8 0/12 9 9/12 -0.3
2. M 10 3/12 7 0/12 9 9/12 -0.5
3. M 9 8/12 7 0/12 8 3/12 -1.3
4. M 9 3/12 6 0/12 6 6/12 -2.6
5. F 9 0/12 9 0/12 8 6/12 -0.7
6. F 7 11/12 6 10/12 7 2/12 -0.7
7. M 7 10/12 7 0/12 6 9/12 -1.2
8. M 6 4/12 5 0/12 6 6/12 +0.2
9. M 4 8/12 4 0/12 5 0/12 +0.6

10. F 3 8/12 3 0/12 3 6/12 +0.1
11. F 2 6/12 — 1 6/12 -2.7
12. M 2 5/12 1 9/12 1 9/12 -2.2
13. F 2 3/12 2 4/12 2 3/12 -0.2
14. F 2 2/12 2 0/12 1 9/12 -1.4

Mean 6 4/12 5 2/12 5 8/12 -0.92
± SD • 3 3/12 2 5/12 3 0/12 1.03
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patients were below the third percentile for height. The mean standard deviation 
score (SDS) for height was 0.92 ± 1.03.

The basal growth hormone level was above 7 ng/ml on three occasions. Peak 
levels were attained at 30 to 90 minutes with arginine and at 60 to 120 minutes 
with L-dopa. Although the mean peak levels were below 7 ng/ml, there was a 
statistically significant difference between the basal and peak values in both tests 
(p < 0.05). The basal and peak serum GH values with arginine and L-dopa 
stimulation and the IGF-I levels are shown in Table III. Arginine induced a normal 

. GH response in one (> 10 ng/ml), subnormal responses in two, and responses 
characteristic of GH deficiency (< 7 ng/ml) in 11 subjects. L-dopa induced normal 
GH responses in three, a subnormal response in one and responses characteristic 
of GH deficiency in 10 subjects. When the results of the two provocative tests 
were evaluated together, nine patients had GH deficiency and two had partial GH 
deficiency.

TABLE III: Serum GH Response (ng/ml) to 
Arginine and L-dopa and IGF-I Levels 

(mU/ml) in Thalassemic Children

Case 
No.

Arginine L-dopa

IGF-IBasal Peak Basal Peak
1. 0.28 8.80 0.21 13.50 1680
2. 1.10 4.80 1.40 2.20 348
3. 0.80 4.00 0.68 4.20 3000
4. 0.05 0.14 0.13 0.09 1800
5. 0.68 1.40 1.60 1.70 4320
6. 8.00 5.80 3.60 11.50 1680
7. 0.01 6.40 0.27 5.20 1440
8. 0.30 2.30 0.35 1.50 1440
9. 7.20 4.60 2.90 3.40 2280

10. 3.80 5.80 15.00 6.80 3000
11. 4.20 11.00 8.00 11.00 —
12. 2.10 0.18 0.01 1.30 360
13. 2.30 6.00 0.25 9.80 3000
14. 0.35 10.00 1.70 5.80 348

Mean 2.23 5.09 2.58 5.57
± SD 2.64 3.37 4.16 4.40

The mean serum IGF-1 level in nine boys was 2185.3 ± 1558.0 mU/ml and in four 
girls 2007.0 ± 1269 mU/ml. There was no statistically significant difference 
between the mean IGF-I levels of the patients and the controls (p> 0.90 and
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p> 0.30 for boys and girls, respectively), but the IGF-1 levels of three patients 
were clearly low.

Discussion
Although the patients studied were given transfusions regularly, the pretransfusi­
on Hb levels were suboptimal and some were receiving no or only short-term iron 
chelation therapy. In spite of this, the present data on growth agree with earlier 
observations, in that growth retardation in beta-thalassemia patients given 
frequent transfusions is not severe until the age of ten4-6. Impaired growth has 
been attributed to chronic anemia and iron overload. The height SDS values of our 
patients showed no statistically significant correlation with age, mean pretransfu­
sion Hb, duration of chelation therapy, transfusion load or serum ferritin levels. A 
tendency to follow the height of parents, though slight, could be observed.

Chronic anemia, tissue damage by hypoxia and severe iron overloading could 
cause endocrine abnormalities in thalassemia. In previous studies, mostly normal 
GH responses to provocative stimuli have been reported6'9-11. Stimulation by 
insulin-induced hypoglycemia has usually been the method used and the lower 
normal limit has been variable, down to 5 ng/ml. In a few patients, subnormal GH 
responses to different stimuli have also been reported3-10. By contrast, growth 
hormone release after provocative stimuli was found to be deficient in most of our 
patients, which was similar to the findings of Pintor et al17 who also showed a 
reduction of the pituitary response to growth hormone releasing hormone 
(GH-RH)17. No correlation was found between peak GH levels and bone or 
chronological age, serum ferritin levels or total blood received. A normal GH 
response to GH-RH has also been reported18. Endocrine abnormalities have 
usually been attributed to iron toxicity. On the other hand, growth retardation with 
defective GH responses to stimulation have been reported in thalassemic patients 
receiving little or no blood support therapy19.

As the results of provocative tests have usually suggested normal pituitary 
secretion of GH, attention has been focused on IGF-I as the cause of growth 
retardation. IGF-1 levels have Invariably been reported to be low in thalassemic 
patients14-15-17. We observed a decrease of IGF-1 in only three of our 14 patients, 
vvhich can partly be explained by the young age of our group, since IGF-1 levels 
have been found to be low in only a small percentage of thalassemic children 
below 10 years of age14. In older children, the IGF-1 levels considered low forage 
could be normal for the pubertal status, since puberty is frequently delayed. 
Studies on the mechanism for deficiency of IGF-1 have implicated a specific 
defect at the hepatic GH receptor or post-receptor levels20. It has been 
considered unlikely that generalized hepatic damage is a major cause of this 
condition since no major hepatic disease was present and hepatic protein
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synthesis was normal in these patients14’20. Serum IGF-1 values have been found 
to correlate with the degree of iron overload14.

Contrary to a previous belief, that endocrine function in terms of GH secretion is 
normal in thalassemic patients, recent observations reveal various defects, 
especially in spontaneous GH secretion21. The discordance between low GH 
responses to provocative stimuli and normal IGF-1 values in our patients might be 
explained by the positive correlation shown between IGF-I levels and mean 24-h 
GH concentrations22. High basal GH levels in some of our patients also merit 
attention. Patients with elevated basal GH levels, indicating decreased somatosta­
tin secretion, have been reported22. Alterations in the regulatory mechanisms of 
GH secretion are suggested, but further investigations such as endogenous GH 
secretion are necessary.
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