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Abstract 
Serum levels of total insulin-like growth factor-! (IGF-1) are growth hormone (GH) 

dependent and can be used as the screening tool for GH deficient status. However, most of them 
are bound to IGF-binding proteins, leaving less than 1 per cent in the free or unbound forms 
which represent the active biological fractions. Serum free IGF-I levels were measured by 
radioimmunoassay (IRMA) in 48 short children with various conditions. We found that the 
means ± SEM of free IGF-I in children with panhypopituitarism (PAN) and complete growth 
hormone deficiencies (cGHD) were significantly lower than those in sex and age matched 
normal children (0.02 ± 0.01 vs 2.01 ± 0.7 ng/ml, p = 0.0006 and 0.42 ± 0.18 vs 1.72 ± 0.27 ng/ml, 
p = 0.0007 respectively) but not in children with partial growth hormone deficiencies (pGHD) 
(0.91 ± 0.3 vs 1.97 ± 0.4 ng/ml, p = 0.27) and idiopathic short stature (ISS) (0.94 ± 0.3 vs 1.95 ± 0.6 
ng/ml, p = 0.13). However, when we classified the pGHD children into 2 groups according to 
IGFBP-3 SDS for normal Thai children, we found that the mean of free IGF-I levels in pGHD 
children with IGFBP-3 SDS ~ -1.3 was significantly lower than that of the controls. (0.68 ± 0.55 
vs 2.66 ± 0.71 ng/ml, p = 0.04) 

In conclusion, the measurement of free IGF-I level can be used to evaluate the GH status 
of short children and might be used as a guide when starting treatment. 
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BACKGROUND 
The majority of insulin-like growth factor­

! (IGF-1) and IGF-II in the blood circulation are 
bound forms, binding with IGF -binding proteins 
(IGFBPs) of which six classes have been identified 
so far, leaving less than 1 per cent in the free or 
unbound formsO ,2). However, these free forms 
had more active biological activities because of the 
ability to cross the wall of blood vessels into the 
tissue compar•ments(3). 

The serum total IGF-1 levels, but not 
IGF-11, reflect growth hormone (GH) status, high in 
acromegalic patients and low in GH deficient chil­
dren(4,5). Therefore, many previous reports sug­
gested the use of serum IGF-1 levels for the screen­
ing of GH deficient status and this can be applied 
for serum IGFBP-3 which also depends on GH 
status(6-8). The clinical utility of free IGF-1 mea­
surement has been reported to be as good as total 
IGF-1(9). 

The aim of our study was to compare the 
free IGF-1 levels in short children with and without 
GH deficiencies. 

MATERIAL AND METHOD 
Forty-eight children presented with short 

stature were included in this study. They were 
divided into four groups according to the results of 
endocrinological investigations and growth hor­
mone (GH) provocative tests. 
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Group I (6 boys, 2 girls) : children with 
panhypopituitarism (PAN) 

Group 2 (8 boys, 7 girls) : children with 
complete GH deficiency (cGHD) 

Group 3 ( 10 boys, 5 girls) : children with 
partial GH deficiency (pGHD) 

Group 4 (5 boys, 5 girls) : children with 
idiopathic short stature (ISS) 

The diagnosis of GH deficiency was made 
by using the standard GH provocative test such as 
insulin tolerance test (ITT) (RI 0.1 unit /kg intra­
venous), clonidine test (150 microgram/M2 oral). 
The peak GH of more than 10 ng/ml was consi­
dered normal. If their peak GH was less than 5 
ng/ml, they were classified in the cGHD group and 
between 5-l 0 ng/ml in the pGHD group. However, 
if peak GH was more than I 0 ng/ml in short chil­
dren without other reasonable explanations for 
their shortness, they were classified as ISS. 

Randomized serum IGF-1, IGFBP-3 and 
free IGF-1 levels were measured in all children by 
using the commercial kit of Diagnostic Systems 
Laboratories (DSL), Texas. Sex and age matched 
healthy, normal children were measured for IGF-1. 
IGFBP-3 and free IGF-1 levels as the control 
group. The DSL free IGF-I kit (DSL9400) used a 
two-site immunoradiometric assay (IRMA) prin­
ciple to detect the dissociable fraction of IGF-1. 
Serum IGF-I and IGFBP-3 levels were measured 
by immunoradiometric assay (IRMA) using the 
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Fig. 1. Mean serum IGF-1 levels in 4 groups. 
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commercial kit of DSL 5600 and 6600 respectively. 
The statistic used in this study was Kruskal-Wallis 
test for two groups and p < 0.05 was considered to 
be significant. 

RESULTS 
In group 1 (PAN), the means ± SEM of 

IGF-I, IGFBP-3 and free IGF-I were significantly 
lower than those of the control group. (IGF-1 24.6 ± 
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7.6 vs 260.1 ± 56.8 nglml, p = 0.0008 ; IGFBP-3 
693.3 ±104.1 vs2675 ± 167.1 nglml, p =0.00005; free 
IGF-10.02 ± 0.01 vs 2.01 ± 0.7 nglml, p = 0.0006) 

In group 2, the means ± SEM of IGF-I, 
IGFBP-3 and free IGF-I were significantly lower 
than those of the control group. (IGF-I 91.1 ± 26.5 
vs 310.2 ± 57.2 ng/ml, p = 0.002; IGFBP-3 1603.5 
± 276.7 vs 2880.2 ± 166.0 ng!ml, p = 0.0007 ; free 
IGF-1 0.42 ± 0.18 vs 1.72 ± 0.27 ng/ml, p = 0.0007) 
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Fig. 2. Mean serum IGFBP·3 levels in 4 groups. 
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In group 3, the means ± SEM of IGF-I 
and IGFBP3 were significantly lower than those in 
the control group (IGF-I 183.7 ± 35 vs 323.9 ± 52.2 
ng/ml, p = 0.04 ; IGFBP-3 2296.8 ± 149.4 vs 2977 
± 134.9 ng/ml, p = 0.003) However, the free IGF-I 
was not significantly different from the control 
group. (0.91 ± 0.3 vs 1.97 ± 0.4 ng/ml, p = 0.27) 

In group 4, similar to group 3, the means 
± SEM of IGF-I and IGFBP-3 levels were signifi­
cantly lower than those of the control group, but 
not free IGF-1. (IGF-I 190.5 ± 53.9 vs 399.0 ± 62.3 
ng/ml, p = 0.01 ; IGFBP-3 2607 ± 184.1 vs 3351 ± 
148.9 ng/ml, p = 0.005; free IGF-I 0.94 ± 0.3 vs 1.95 
± 0.6 ng/ml, p = 0.13) 

In group 3, we divided the children into 
2 subgroups according to the IGFBP3 SDS for 
Thai children and we considered the cut-off point 
between these subgroups at -1.3 SDS as our pre­
vious study0). 

Subgroup 1, partial GHD with IGFBP-3 
SDS ~ -1.3 (6 out of15 or 40%) ; the mean of free 
IGF-I was significantly lower than the control group, 
0.68 ± 0.55 vs 2.66 ± 0.71 ng/ml, p = 0.04. 

Subgroup 2, partial GHD with IGFBP-3 
SDS > -1.3 (9 out of 15 or 60%) ; the mean of free 
IGF-I was not significantly different from the con­
trol group, 1.12 ± 0.41 vs 1.46 ± 0.54 ng/ml, p = 0.2. 

Two of 10 children with idiopathic short 
stature (20%) had IGFBP-3 SDS ~ -1.3 and they 

Free IGF·I ng/ml 

had lower levels of free IGF-I than the control 
group. (One had free IGF-I of 0.06 ng/ml com­
pared with the control of 0.22 ng/ml, the other had 
free IGF-I of 1.46 ng/ml compared with the control 
of 4 ng/ml) 

DISCUSSION 
In practice, it is not too difficult to diag­

nose panhypopituitarism and complete GHD. In 
addition, measurement of serum IGF-I and IGFBP-
3 levels in conjunction with the clinical ground 
would reach more precise diagnosis and could 
avoid the risky GH provocative tests. As in pre­
vious studies, 100 per cent of children with pan­
hypopituitarism and 97 per cent of GHD children 
had IGF-I and IGFBP-3 levels less than 5th per­
centile of normal valuesOO,ll). 

The serum free IGF-I level which, theo­
retically, is the biologically active fraction which 
reflects the GH status and it was proved to be dose 
dependent during GH administration in healthy 
adults02). From the present study, we confirmed 
that the free IGF-1 levels were diminished in chil­
dren with panhypopituitarism and complete GHD. 
In clinical practice, it is very difficult to make a 
decision to start GH therapy in short children with 
partial GHD diagnosed by GH provocative tests. 
As in many previous studies, the results of GH 
provocative tests in diagnosis GHD were contro-
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Fig. 4. Mean free IGF-1 in pGHD with IGFBP-3 SDS < -1.3 and > -1.3. 
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versial(l3,14). The GH provocative tests can iden­

tify severe GHD and are of limited value in dis­
criminating between normal short children and chil­
dren with partial GHD. Additionally, partial GHD 
could become normal in GH retesting which might 
be explained by delayed sex hormone secretion in 
some children with constitutional delayed growth 
and puberty and they might be diagnosed as par­
tial GHD or transient GHDC15). Serum IGF-I and 
IGFBP-3 levels in partial GHD may be overlapped 
with the levels of normal healthy children. Fifty 
seven percent of children with partial GHD had 
IGFBP-3 values within the normal range(16). In this 
study, the pGHD children had the means IGF-I and 
IGFBP-3 lower than those of the controls but not 
free IGF-I indicating normal IGF biological acti­
vities and they probably need no GH therapy. If we 
consider the individual IGFBP-3, 6 out of 15 of 
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pGHD children ( 40%) had IGFBP-3 levels less 

than -1.3 SDS for Thai children which was proved 
to be a good cut-off point between GHD children 
and normal variant short stature. We found that 
the mean of free IGF-I of these six children was 
lower than the controls but not in children with 
IGFBP-3 > -1.3 SDS. 

Similarly, 2 of 10 (20%) children with idio­
pathic short stature had IGFBP-3 SDS .:s; -1.3 for 
normal Thai children and they had low free IGF-I 
compared with age and sex matched controls. 
Therefore, measurement of free IGF-I levels has 
proved to be useful to evaluate IGF biological 
activities in short children with partial GH defi­
ciencies and short children with normal GH status 
and may be used as a guide to commence GH 
therapy. However, GH receptor defects should also 
be considered in the latter condition. 

(Received for publication on February 22. 1999) 
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