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Abstract 
The objective of this study was to evaluate the correlation between serum concentrations 

of insulin-like growth factor-! (IGF-1), insulin-like growth factor binding protein-3 (IGFBP-3) 
and growth parameters (height, weight, and body mass index) in 260 healthy children and ado­
lescents aged 5-20 years. The subjects were divided into 2 groups according to the age achieving 
final height. Group 1 included children with active growth consisting of girls aged under 14 years 
(N = 80) and boys aged under 16 years (n = 74). Group 2 included adolescents who achieved final 
height consisting of females aged at and over 14 years (n = 82), and males aged at and over 16 
years (n = 24). In group 1, the serum concentrations of IGF-1 and IGFBP-3 were significantly 
positive correlated with all growth parameters. In group 2, although the correlation was insigni­
ficant, the concentrations of IGF-1 and IGFBP-3 seemed to be greater in individuals who were 
relatively taller and had lean body mass than those who were relatively short and overaverage body 
mass. 
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Determination of the serum insulin-like 
growth factor-! (IGF-1) and insulin-like growth 
factor binding protein-3 (IGFBP-3) has proven to 
be an important screening test in evaluation of a 
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growth-retarded childCl-3). The serum levels of 
IGF-1 and IGFBP-3 have been widely studied in 
Western countries and found to be related to spon­
taneous growth hormone secretion as well as to 
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height and height velocity( 4-8). In Thailand, data 
concerning the levels of IGF-1 and IGFBP-3 are 
limited to only a few studies which demonstrated 
the age, sex, and pubertal status dependency(9, 10). 
Therefore, we wish to add more information of the 
relationships between IGF-1, IGFBP-3 concentra­
tions to the growth parameters such as height, 
weight, and body mass index (BMI). 

SUBJECTS AND METHOD 
Subjects 

The subjects were 260 healthy children 
and adolescents aged 5-20 years as previously des­
cribed00). We divided the subjects into 2 groups 
according to age when final height was achieved 

as defined by height velocity less than I em per 
year01, 12). Group 1 consisted of prepubertal and 
pubertal children which included under 14 year-old 
girls (n = 80) and under 16 year-old boys (n = 74). 
Group 2 was post-pubertal subjects which included 
at and over 14 year-old females (n = 82), and at 
and over 16 year-old males (n = 24). Height was 
measured in a standing position using a stadiometer. 
Weight was measured using a beam balance scale. 
Body mass index (BMI) was calculated by weight 
in kilograms divided by the square of height in 
meters (kgfm2). 

The concentrations of the IGF-1 and 
IGFBP-3 were measured by immunoradiometric 
assay (IRMA) which was previously described00). 

Table 1. The mean ± standard deviation of growth parameters in group 2 subjects. 

Growth parameters 

Height (em.) 
Weight (kg.) 
BMI (kg/m2) 

BMl 

30 

25 

20 

15 

10 

5 

Males (2:16 years old) (n = 24) 

0 

169.6±4.2 
55.8 ± 6.2 
19.5 ± 2.2 

0 

+ 

+ 

10 

+<b 

+ 

+ + 

Females (2:14 years old) (n = 82) 

0+ 0 

15 

157.0 ± 4.8 
47.3 ± 5.8 
19.7 ± 2.3 

+Male 
o Female 

0 

+0 

20 AGE 

Fig. 1. The mean and standard deviation of body mass index (BMI). The middle line represents the mean, 
the upper and lower lines represent ±1 standard deviation. 
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Method 
In group 1, or the prepubertal and pubertal 

subjects, the concentrations of IGF-1 and IGFBP-3 
were plotted against the h_eig!l_t, ',Veig_!l!, and BMI in 
boys and girls. In group 2, or the post-pubertal sub­
jects, the s~~nQliJ'd deviatiol}scor:e (SDS) of IGF-1 
and IGFBP-3 concentrations were plotted against 
the SDS of height, weight, and BMI. The SDS was 
calculated based on the formula of< 13) 

SDS = actual measurement - mean 
standard deviation (SD) 

For the SDS calculation of each growth 
parameter, in this study we used the mean and SD 
of our studied population (Table 1) for the purpose 
of balanced distribution of the scores. The mean 
height and weight of our population were slightly 
greater than those of normal Thai adolescents04) 
(169.6 vs 165.4 em and 55.8 vs 53.5 kg in males, 
157.0 vs 154.4 em and 47.3 vs 47.0 kg in females). 
For the SDS calculation of IGF-1 and IGFBP-3, we 
used the mean and SD in our previous study in 
order to account for the age-dependencyOO). For 

IGF-1 
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BMI, the mean and SD showed no difference 
between sexes as shown in Fig. 1. Therefore, BMI­
SDS was calculated using the mean and SD of the 
total subjects. 

Statistical analysis 
Correlation coefficient (r) was used to 

demonstrate the relationship between the IGF-1, 
IGFBP-3 concentrations and the growth parameters. 
The statistical significance was stated when the p 
value was less than 0.05. 

RESULTS 
In group I, the concentrations of IGF-1 

and IGFBP-3 showed significant positive correla­
tion with height, weight, and BMI in both boys and 
girls as shown in Fig. 2-4. In group 2, there was 
no correlation between the SDS of IGF-1, IGFBP-3 
and the SDS of each growth parameter with the 
correlation coefficient 0.01-0.03 and the p value 
0.41-0.84. We then compared the mean concentra­
tion of IGF-1 between subjects whose SDS of each 
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Fig. 2. The correlation of IGF-1, IGFBP-3 concentrations and height in <16 year-old boys and <14 year­
old girls. 
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Fig. 3. The correlation of IGF-1, IGFBP-3 concentrations and weight in <16 year-old boys and <14 year­
old girls. 
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Fig. 4. The correlation of IGF-1, IGFBP-3 concentrations and BMI in <16 year-old boys and <14 year­
old girls. 
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Table 2. The mean± standard deviation of IGF-1, IGFBP-3 in group 2 subjects according to SDS of growth 
parameters in males and females. 

Growth parameters N IGF-1 IGFBP-3 

X±SD p value X±SD p value 

Males 
Height SDS <0 10 240.4 ± 28.3 3305 ± 289 

>0 14 267.9 ± 37.4 0.23 3565 ± 201 0.26 

Weight SDS < 0 II 268.7 ± 46.7 3458 ± 278 

>0 13 265.3 ± 22.8 0.61 3433 ± 206 0.84 

Females 
Height SDS < 0 39 403.4 ± 20.2 4204± 85 

>0 43 436.6 ± 22.7 0.37 4285 ± 95 0.53 

Weight SDS < 0 40 402.4 ± 21.9 4278 ± 98 

>0 42 410.7 ± 21.3 0.69 4311 ± 82 0.42 

Males and Females 
BMI-SDS <0 61 386.9 ± 17.7 4270 ± 86 

>0 45 346.9 ± 24.3 0.21 3988±116 0.34 

growth parameter above zero and those below zero 
(Table 2). For height SDS, the IGF-1 and IGFBP-3 
concentrations seemed to be modestly greater in 
subjects with height SDS above 0 than those below 
0, however it was statistically insignificant. For 
weight SDS, the IGF-1 and IGFBP-3 concentrations 
were at the same levels between those with weight 
SDS above 0 and those below 0. For BMI-SDS, the 
IGF-1 and IGFBP-3 tended to be lower in subjects 
with BMI-SDS above 0 than those below 0, again 
without statistical significance. 

DISCUSSION 
The results of our study showed a signi­

ficant positive correlation between the IGF-1, 
IGFBP-3 concentrations and all growth parameters 
in prepubertal and pubertal boys and girls. After 
puberty, or in subjects who had reached their final 
height, there was no significant difference of IGF-1, 
IGFBP-3 concentrations between individuals with 
growth parameter above average and those below 
average. However, individuals who were relatively 
tall (height SDS > 0) and lean (BMI-SDS < 0) 
tended to have greater concentrations of IGF-1, 
IGFBP-3 than those who were relatively short 
(height SDS < 0) and above average BMI (BMI­
SDS > 0). 

The significant positive correlation be­
tween IGF-1, IGFBP-3 concentrations and growth 
parameters in prepubertal and pubertal subjects can 
be explained by the stimulating effect of growth 

hormone (GH)-IGF-1-IGFBP-3 axis during the 
period of active growth. It has been known that 
height and height velocity correlates positively with 
spontaneous GH secretion and that GH secretion cor­
relates positively with IGF-1 and IGFBP-3 
levels05,16). The stimulating effect of GH-IGF-1-
IGFBP-3 axis leads to the increasing IGF-1 and 
IGFBP-3 levels with age during the childhood and 
pubertal period. 

In post-puberty, the stage in which indivi­
duals had no furthur height increment, whereas, the 
concentrations of IGF-1, IGFBP-3 declined with 
age, particularly in males. Therefore, the study of 
correlation between growth and IGF-1, IGFBP-3 
concentrations should be calculated in SDS to 
account for the age dependency of IGF-1, IGFBP-3. 
The study by Blum et al demonstrated the signifi­
cant positive correlation between height SDS and 
the IGF-1, IGFBP-3 SDS. They concluded that 
short healthy children had significantly lower IGF-1, 
IGFBP-3 concentrations which was probably due 
to the difference in GH secretion contributing to the 
growth variability in the normal population(8). Our 
results demonstrated no significant correlation of 
IGF-1, IGFBP-3 concentrations between individuals 
with growth parameters either height, weight or 
BMI above average and those below average. 
However, the mean concentrations of IGF-1 and 
IGFBP-3 in individuals who were relatively tall 
(height SDS > 0) and lean (BMI-SDS < 0) showed 
a modestly greater level than those who were rela-
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tively short (height SDS < 0) and overweight (BMI­

SDS > 0), although the difference was statistically 

insignificant. This was probably due to our inclu­

sion criteria of subjects whose height and weight 

was between the 10th-97th centile resulting in a 

narrow distribution of growth of subjects. Secondly, 

the sample size in our study was not large enough to 

demonstrate the significant difference, eventhough 

it may exist. Therefore, a larger number of subjects 

along with a wider variation of growth of normal 

subjects is needed in a further study to demonstrate 

the correlation between growth parameters and 

IGF-1, IGFBP-3 concentrations. 

In conclusion, we demonstrated the posi­

tive correlation between the IGF-1, IGFBP-3 con­

centrations and growth parameters during the period 

of active growth in prepubertal and pubertal stages. 

In adulthood, the concentrations of IGF-1, IGFBP-3 

tended to be greater in individuals who were rela­

tively tall and had a lean body mass than those who 

were relatively short and overweight, although the 

difference was not statistically significant. 

(Received for publication on March 2, 1999) 
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