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Abstract 
Growth hormone deficiency (GHD) is a common cause of growth retardation in children 

and adolescents. Gold standard for the diagnosis of GHD is based upon two standard growth hor­
mone (GH) provocative tests demonstrating a peak serum GH of less than 7 ng/mL. These tests, 
besides requiring multiple blood samplings, are time-consuming and costly. GH primarily mediates 
its growth-promoting effect through insulin-like growth factor-! (IGF-1). Hence, basal serum IGF-1 
level reflects GH status. We studied 47 prepubertal children with or without short stature. Aged 
ranged between 4.3 and 15.6 years. They were divided into 2 groups based upon 2 standard GH 
provocative tests. Seventeen children were classified as having GHD. The remaining 30 were non­
GHD. Basal serum IGF-1 was obtained before GH testing. The means±SE (range) of serum IGF-1 
concentration were 44.26±3.19 (19.10-75.63) ng/mL in GHD and 118.42±10.03 (60.65-235.91) 
ng/mL in non-GHD which were significantly different (P<O.OOl). 88.2 per cent of GHD had serum 
IGF-1 concentration less than 60 ng/mL whereas 100 per cent of non-GHD had serum IGF-1 greater 
than 60 ng/mL. There was no correlation between serum IGF-1 and either bone age or chronologie 
age in children with GHD. These data indicate that serum IGF-1 level is a useful screening test to 
exclude GHD with high sensitivity. We suggest that if serum IGF-1 is less than 80 ng/mL in pre­
pubertal children, GH provocative tests should be performed to diagnose GHD. If serum IGF-1 is 
greater than 80 ng/mL, growth rate monitoring is recommended. If growth rate is decreased 
despite normal IGF-1, GH provocative tests should be obtained to rule out GHD. 

Growth hormone deficiency (GHD) is a 
common cause of growth retardation in children and 
adolescents. The prevalence of GHD is about 1:3480 
to 1 :8464(1,2). Conventionally, the diagnosis ofGHD 
is based upon two standard GH provocative tests 
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demonstrating a peak serum GH of less than 7 ng/ 
mL(3). GH is synthesized by the anterior pituitary 
gland and secreted in a pulsatile fashion. Therefore, 
random blood tests for GH in normal children are 
highly variable and frequently low or undetectable. 
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Insulin-like growth factor-1 (IGF-1) is 
secreted primarily by the liver under the stimulation 
of GH(4,5). The growth-promoting effect of GH is 
mainly mediated by IGF-1. Unlike GH, levels of 
IGF-1 exhibit little fluctuation over 24 hour(6). 
Hence, in a normal situation, basal serum IGF-1 
level reflects GH status0-9). Previous studies 
showed that basal serum IGF-1 concentration is 
almost always low in GHD and elevated in gigan­
tismOO,ll). However, it is low in other conditions 
despite adequate GH secretion such as normal neo­
nates and infants, protein energy malnutrition, pro­
longed starvation, liver disease, chronic renal failure 
and hypothyroidism(4,12-14). Thus, low serum 
IGF-1 is relatively sensitive for screening short 
children with GHD but somewhat non-specific for 
the diagnosis of GHD. While GH provocative tests 
are the gold standard for the diagnosis of GHD, 
they require multiple blood samplings, consume 
several hours and are costly. Therefore, single blood 
test for serum IGF-1 concentration which reflects 
GH secretion may be useful for the screening of 
short children with suspected GHD(15-18). 

The objective of this study is to differen­
tiate between prepubertal Thai children with GHD 
and non-GHD by measuring serum IGF-1 com­
pared with standard GH provocative tests. Our data 
indicate that serum IGF-1 is almost always low in 
children with GHD. Thus, it is reasonable to mea­
sure serum IGF-1 as a parameter to screen short 
children with suspected GHD. 

SUBJECTS AND METHOD 
Forty seven children (35M, 12F) were 

studied. All were prepubertal without secondary 
sexual characteristics. The height standard deviation 
scores (SDS) ranged between -7.67 and -0.64 with 
mean ± S.D. of -2.65±1.38. This study was carried 
out at the Division of Endocrinology, Department 
of Pediatrics and Research Center, Faculty of 
Medicine, Ramathibodi Hospital, Mahidol Univer­
sity. Heights were expressed in SDS in comparison 
to those of standard Thai reference< 19). Blood 
chemistries for electrolyte~, renal and liver function 
tests and complete blood count were obtained to 
rule out systemic illnesses. Hormonal tests included 
serum total thyroxine, free thyroxine, thyrotropin, 
SAM cortisol and GH provocative tests. 

To diagnose GHD, we performed 2 stan­
dard GH provocative tests which include clonidine 
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test ( 4 Jlglkg) orally and insulin hypoglycemia test 
(0.1 u of regular insulin/kg) intravenously. Children 
aged between 10 and 15 years who were prepubertal 
received estrogen prior to perform GH provocative 
tests. 

Heights were measured in duplicate by 
SECA stadiometer. 

X-ray bone age was obtained and com­
pared with Gruelich and Pyle standard(20). 

Method 
Serum IGF-1 concentrations were mea­

sured by a double antiboby radioimmunoassay kit 
purchased from Bioclone, Australia. The standard 
for IGF-1 was obtained from the International Re­
ference Reagent for IGF-1 for radioimmunoassay 
(IRR IGF-1 87/518). All samples were assayed in 
duplicate and in the same run. The method includes 
an acid-ethanol extraction step in which IGF-I is 
first separated from IGF binding proteins(21). The 
intraassay coefficient of variation was 7 per cent. 

Serum GH concentrations were deter­
mined using a double antibody radioimmunoassay 
kit purchased from Diagnostic Product Corporation, 
U.S.A. The intraassay coefficient of variation was 
6 per cent. 

Sa tis tics 
The comparison of serum IGF-I concen­

trations was calculated by using Student's t test. 
Relations between IGF-1 concentrations 

and all other variables in both groups were deter­
mined by Pearson's correlation. 

RESULTS 
Subjects were divided into two groups 

according to GH provocative tests (Table 1). 

Table 1. Clinical characteristics of children with 
GHD and non-GHD. 

GHD Non-GHD P-value 

n 17 30 
Age X±S.D. (yr) 10.53 ± 2.84 8.97 ± 3.18 0.065 

range (yr) 5.50- 15.58 4.33- 14.08 
Sex 9M,8F 26M,4F 0.32 
Height SDS (X±S.D.) -3.9 ± 1.32 -1.9 ± 0.83 0.002 
BMI (kg!m2) (X±S.D.) 14.9 ±2.06 15.1 ± 1.92 0.56 
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Fig. 1. Distribution of serum IGF-1 concentrations 
in prepubertal children with GHD and non­
GHD (mean±SE). 
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Fig. 2. Serum IGF-1 concentrations vs bone age in 
prepubertal children with non-GHD (n=30, 
r=0.557, P<O.OOS). 

I. GHD (n = 17 ; 9M, 8F) Subjects were 
classified as having GHD based upon the height of 
less than -2SD and the GH peaks of < 7 ng/mL 
following 2 standard GH provocative tests. The 
mean age±S.D. was 10.53±2.84 years and mean 
height SDS was -3.9±1.32. 

2. Non-GHD (n = 30 ; 26M, 4F) Subjects 
were classified as having non-GHD based upon 
the GH peaks of ~ 7 ng/mL in at least I standard 
GH provocative test. The mean age±S.D. was 
8.97±3.18 years and mean height SDS was -1.9± 
0.83. The mean height SDS in this group was low 
despite normal GH secretion because most of the 
children were familial short stature and constitu­
tional delayed growth and puberty. 

The clinical characteristics of children 
with GHD and non-GHD are presented in Table I. 
The means±SE (range) of serum IGF-1 concentra­
tions were 44.26±3.19 (19.10-75.63) and 118.42± 
10.03 (60.65-235.91) ng/mL in GHD and non-GHD 
group, respectively (Fig. 1). The mean serum IGF-1 
concentration in GHD was significantly less than 
that in non-GHD (P<O.OOI). 

In GHD, 88.2 per cent had serum IGF-1 
concentrations less than 60 ng/mL whereas in non­
GHD 100 per cent had IGF-1 levels greater than 60 
ng/mL (Fig. 1). Hence in prepubertal children, serum 
IGF-1 of 60 ng/mL is a good cut-off level for dif­
ferentiating between GHD and non-GHD. There 
was no correlation between serum IGF-1 and either 
bone age or chronologie age in GHD (data not 
shown). In contrast, in non-GHD there was slight 
correlation between serum IGF-1 and either bone 
age (r=0.557, P<0.005) (Fig. 2) or chronologie age 
(r=0.626, P<O.OOOI) (Fig. 3) . 
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Fig. 3. Serum IGF-1 concentrations vs chronologie 
age in prepubertal children with non-GHD 
(n=30, r=0.626, P<O.OOOI). 
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DISCUSSION 
The measurement of serum IGF-1 levels 

has been proposed as a useful tool for the evalua­
tion of GH secretionC17). Previous studiesC17,18) 
showed that IGF-1 levels had a significant correla­
tion to spontaneous 24-hour GH secretion expressed 
as area under the curve. Since IGF-1 level is age­
dependent therefore interpretation of IGF-I levels 
requires age-related normal ranges. In addition, 
marked elevation of IGF-I levels during puberty 
was observed due to an increase of sex steroids 
and GH secretionC17). In contrast, IGF-I levels 
are low in nutritional deficit and prolonged starva­
tion despite elevated GH levels(22). Hence, to 
reduce false positive low IGF-I in non-GHD, im­
provement of nutritional status should be accom­
plished prior to the blood test for IGF-1. 
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Our current study in prepubertal Thai 
children older than 4 years of age demonstrated 
that the single measurement of serum IGF-I by 
using 60 ng/mL as a cut-off point can differentiate 
between GHD and non-GHD with high sensitivity 
(88.2%). Since the level of IGF-I in non-GHD was 
greater than 60 ng/mL, therefore for screening pur­
poses, we suggest that if serum IGF-I is less than 
80 ng/mL in prepubertal Thai children, GH pro­
vocative tests should be performed to diagnose 
GHD. About 12 per cent of children with GHD can 
have low normal serum IGF-1. Hence. we recom­
mend monitoring growth rate closely. If growth 
rate is decreased despite normal IGF-1, GH provo­
cative tests should be obtained to rule out GHD. 

We conclude that single measurement of 
serum IGF-I level is a sensitive and cost-effective 
screening test for the diagnosis of GHD. 

(Received for publication on May 2, 1996) 
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