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Abstract

The authors studied the serum concentrations of insulin-like growth factor-1 (IGF-1) and
IGF-binding protein-3 (IGFBP-3) in 260 healthy children and adolescents (115 males, 145 females)
aged 5-20 years. The subjects were divided into 12 groups according to age and sex. The serum
IGF-1 and IGFBP-3 concentrations increased with age and peaked at age 13-15 years in males,
and 11-13 years in females. After the peak concentration, IGF-1 and IGFBP-3 levels declined sig-
nificantly in males, but were still high in females. Comparing between sexes, the concentrations
of IGF-1 and IGFBP-3 were greater in females than males in all age groups. However, when subjects
were divided according to the stage of puberty, the different concentrations between sexes were
not significant, except for children within Tanner stage V where concentrations of IGF-1 and
IGFBP-3 were significantly greater in females than males. Multiple regression analysis demon-
strated the age, sex, and stage of puberty-dependent of IGF-1 concentration, and only the age and
sex-dependent of IGFBP-3 concentration.
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Insulin-like growth factor-1 (IGF-1) is a
growth hormone-dependent peptide that mediates
the growth-promoting actions of growth hormone
(1-3), IGF-1 is synthesized by a variety of tissues,
mainly by the liver. It circulates in plasma in a
complex form with insulin-like growth factor bind-

ing proteins (IGFBP)(2-4). The IGF-IGFBP complex
acts as a reservoir and a buffer for the growth pro-
moting action of IGF-1. To date, at least 6 IGFBPs
have been demonstrated(1-4). IGFBP-3 is the prin-
cipal circulating IGFBPs and accounts for over
95 per cent binding of IGF-1 in serum(2-4). Like
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IGF-1, IGFBP-3 is a growth hormone-dependent
peptide and is mainly synthesized by the liver.
IGF-1, as well as IGFBP-3, has a long half-life of
15-20 hours and shows minor circadian variation.
With all these properties, the single measurement
of IGF-1 and IGFBP-3 levels in serum is accepted
as an alternative method in evaluating growth hor-
mone secretion and has proven to be useful as a
primary evaluation of growth-retarded children(5-8),

The levels of serum IGF-1 and IGFBP-3
have been widely studied in Western countries and
Japan. However, these data are limited in That chil-
dren. Recently, Wacharasindhu et al reported the
levels of IGF-1 and IGFBP-3 in normal Thai chil-
dren aged 0-18 years and demonstrated the age-
dependent pattern(9). It was our purpose to add
more information of the concentrations of IGF-1
and IGFBP-3 in normal Thai children and adoles-
cents according to age, sex, and stage of puberty
and to study whether there is a relationship between
these factors and the concentrations of IGF-1 and
IGFBP-3.

SUBJECTS AND METHOD
Subjects

Two hundred and sixty children and ado-
lescents aged 5-20 years participated in this study.
One hundred and eighty-five subjects (71.2%) were
normal children and adolescents who enrolled in a
program of goiter survey. All of these subjects had
a normal thyroid function test, negative thyroid
antibodies, and had no history of thyroid disease in
their family. Seventy-five subjects were children
and adolescents who had a blood test for hepatitis
before going abroad or before a hepatitis vaccina-
tion. All of the subjects had negative hepatitis anti-
gen and had no liver disease.

The samples were collected in the morning
between 9-12 a.m. without fasting. The sera were
separated and stored at -20°C before the time of
analysis.

Growth assessment

All subjects were in good health and had
no history of chronic illness. Height was measured
in a standing position using Harpenden stadiometer.
Weight was measured on a light cloth using a beam
balance scale. The detail of measurement was 0.1
cm for height and 0.1 kg for weight. All subjects
had height and weight between the 10th and 90th
centile of the standard growth chart of Thai chil-
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dren(10), and weight for height between 80 to 120
per cent. Puberty was assessed and recorded accord-
ing to the method of Tanner(11).

All participants and their parents gave
their informed consents. This study was approved
by the Ethics Committee of Prince of Songkla Uni-
versity.

Method

The procedure employed a two-site immu-
noradiometric assay (IRMA) described by Miles
et al(12). The DSL-5600 and DSL-6600 (Diagnostic
Systems Laboratories, Texas, U.S.A.) were used for
assays of IGF-1 and IGFBP-3, respectively. The
IRMA is a non-competitive assay in which the
analyte to be measured is sandwiched between two
antibodies. The first antibody is immobilized to the
inside wall of the tubes. The other antibody is
radiolabelled for detection.

IGF-1 assay (DSL-5600)

The DSL-5600 IRMA includes an acid
ethanol extraction step in which IGF-1 is separated
from its binding protein in serum. This step is
essential for accurate determination of IGF-1.
Briefly, a serum sample of 100 pL. was used and 400
uL of extraction solution was added. The mixture
was incubated for 30 minutes at room temperature,
then centrifuged at 2,500 rpm for 60 minutes at
4°C. The 100 uL clear supernatant was transferred
to the second labelled tube and neutralized by 500
pL of neutralizing solution. The 50 pL neutralized
sample extract was then used, with 200 pL of anti-
IGF-1 added. After mixing by shaking gently, the
mixture was incubated at room temperature for 3
hours on a shaker set at 180 rpm. The tube was
decanted by simultaneous inversion with a spongy
rack, then struck on absorbent material to facilitate
complete drainage for 1-2 minutes. The tube was
blotted to remove any droplets before returning to
the upright position. After washing 3 times with 3
ml of deionized water, the tube was counted by a
gamma counter for one minute.

IGFBP-3 assay (DSL-6600)

The sample was diluted 1 : 50 (10 pL serum
+ 500 uL IGFBP-3 sample diluent). The 50 pL of
diluted solution was transferred and 200 uL of anti-
IGFBP-3 was added. The mixture was incubated at
room temperature overnight (18-24 hours) on a
shaker set at 180 rpm. The tube was decanted by
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simultaneous inversion with a spongy rack, struck
on absorbent material and then blotted for 1-2
minutes to remove any droplets before returning to
the upright position. After washing 3 times with 3
ml of deionized water, the tube was counted by a
gamma counter for one minute. The result was
multiplied by a dilution factor of 50.

Statistical analysis

Data were presented as mean + standard
deviation, and centile curves. Statistical comparisons
were made with the student's r test. P values <
0.05 were considered significant. Multiple regres-
sion was used to analyse the factors affecting the
concentrations of IGF-1 and IGFBP-3.

IGF-1, Male

IGF-1
800

Fig. 1.
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RESULTS
Age dependence of IGF-1 and IGFBP-3

The concentrations of serum IGF-1 and
IGFBP-3 increased with age in both males and
females as shown in Fig. 1 and 2 (centiles) and
Table 1 (mean + standard deviation). The peak con-
centration of IGF-1 occurred at 13-15 years in
males and 11-13 years in females. Like IGF-1,
IGFBP-3 levels reached the peak at an earlier age
in females than in males (11-13 years in females
and 15-17 years in males). After the age of peak
concentration, IGF-1 and IGFBP-3 levels declined
significantly in males, but were still high and not
significantly different from the peak concentration
in females.

IGF-1
800 7

IGF-1, Female

600

400 1

200

T
5 10 15 20
Age 1B

The centile curves of IGF-1 concentrations in males (A) and females (B) The middle line showed

the level of 50th centile. The lower and upper lines showed the 5th and 95th centile, respec-

tively.
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The centile curves of IGFBP-3 concentrations in males (A) and females (B).
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Table 1. The levels (mean + standard deviation) of serum IGF-1 (ng/ml) and IGFBP-3 (ng/ml) of males and
females in different age groups.
Age Male Female
N IGF-1 IGFBP-3 N IGF-1 IGFBP-3
5.1-9.0 13 85.6+9.7 3085 + 169 14 80.7+ 11.1 3188 +232
9.1-11.0 19 115.2 +15.9* 3360 + 387 16 189.0 + 17.8* 4051 + 228
11.1-13.0 14 2545 + 39.7* 3639 + 243# 17 422.2 +42.5% 4330 + 172#
13.1-15.0 31 404.9 +29.0 4151 £ 158 29 416.9+325 4186 + 160
15.1-17.0 15 3999 +433 4560 + 141## 42 401.0+19.8 4034 + 75##
17.1-20.0 23 2445 + 24.6* 3409 + 168 27 395.4 +24.3* 4261 + 92##
*  p<0.01 for IGF-1 between males and females
# p=0.025 for IGFBP-3 between males and females
## p <0.001 for IGFBP-3 between males and females
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Fig. 3. The centile curves of IGF-1 concentrations according to the Tanner stage of puberty in males
(A) and females (B).
IGFBP-3, Male IGFBP-3, Female
Tanner I It jhig v v Tanner I 1 it v v
IGFgP-3 IGFBP-3
6000 6000 6000 {'\ 6000 6000 6000 6000 6000 6000 6000
/ .l\ ' [ w ‘\ :"\ ] '¢
’ ' b < W' * o~ X " a lE.
4000 f .'.. "y o o .'u 000 > 000 wolls ! o L o '-r:— “r \“\- o -
‘./‘)::'\ \l o < " . : -L. ) W0
" ) - o -~ ) Y
000 L/ 2000 2000 2000 2000 . 2000 ' 2000 2000 2000 2000
¢ v T ¢ T T T ’ T v ‘ T T o T T ! T T ¢ A T T ¢ T o e s
5 10 18 10 15 15 10 15 20 10 15 120 5 1 1S 1015 105 20 10 15 20 w15 2
Age 4A Age 4B
Fig. 4. The centile curves of IGFBP-3 concentrations according to the Tanner stage of puberty in males

(A) and females (B).
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Table 2. The mean ages (years) and the levels (mean + standard deviation) of serum IGF-1 (ng/ml) and
IGFBP-3 (ng/mi) of males and females in different stages of puberty.

Stage puberty Male Female

(M/F) Age IGF-1 IGFBP-3 Age IGF-1 IGFBP-3
1 (34/30) 8.5+0.7 1145118 31524133 7.210.5 98.4+9.5 31634182
I (13/13) 12.9+1.0* 321.8+40.4* 40634209 11.1£0.8+ 242.0+28 8* 4029+192
T (20/13) 13.9+1.2+ 406.1+36.1 42114212 12.5+09+ 39544384 4005+159
IV (18/23) 14.8+0.5 443.3455.8 44314179 13.5+0.7 452.1+£34.8 42524165
vV (30/66) 18.2+1.0% 278.2+24.7%%  37114171# 16.740.8+ 408.1+16.0%%  4189+69%

+  p<0.02 for age between males and females

*  p=0.04 for IGF-1 level between males and females

** p<0.00] for IGF-1 level between males and females

#  p=0.003 for IGFBP-3 level between males and females

Sex dependence of IGF-1 and IGFBP-3

In prepubertal children, the concentrations
of IGF-1 and IGFBP-3 were not significantly dif-
ferent between males and females. After age 9, the
levels of IGF-1 and IGFBP-3 were greater in
females than in males with a statistical difference
at age 9-11 years, 11-13 years, and 17-20 years for
IGF-1 and at age 11-13 years, 15-17 years, and 17-20
years for IGFBP-3.

Relation to stage of puberty

To demonstrate the effect of puberty on
the serum levels of IGF-1 and IGFBP-3, the sub-
jects were rearranged according to the Tanner
staging of puberty for males and females as shown
in Fig. 3, 4 and Table 2. In the same Tanner stage
of puberty, the mean ages of females were younger
than males with a significant difference in children
within Tanner stages 11, III, and V. The younger age
of females than males in Tanner stage II clearly
showed that females entered puberty at an earlier
age than males. The concentrations of IGF-1 and
IGFBP-3 gradually increased with Tanner stage of
puberty and peaked at Tanner stage IV. In Tanner
stage V, the levels of IGF-1 and IGFBP-3 decreased
significantly from the peak concentrations in males,
but were still high and not significantly different
from the peak concentration in females. Comparing
between sexes, the levels of IGF-1 and IGFBP-3
showed no difference, except for Tanner stage II in
which the level of IGF-1 was significantly greater
in males than females, and Tanner stage V in which
the levels of IGF-1 and IGFBP-3 were significantly
greater in females than males.

It is of note that the prepubertal concen-
tration and the peak concentration of IGF-1 was
approximately 5 times different in both sexes,
whereas, that of IGFBP-3 was approximately only
1.5 times different. This observation suggested a
lesser variation in the concentration of IGFBP-3
than IGF-1. In addition, the concentrations of
IGF-1 and IGFBP-3 showed a linear correlation in
both sexes as shown in Fig. 5 (r = 0.7: p < 0.01).

Effect of menstruation in females

To demonstrate the effect of menstruation.
we then focused on 46 females within Tanner stage
III and IV. We divided the subjects into 2 groups :
those who were non-menstruating and those who
already had menstruation. The mean ages, the con-
centrations of IGF-1 and IGFBP-3 were compared
as shown in Table 3. The mean age, the concentra-
tions of IGF-1 and IGFBP-3 were all significantly
lower in non-menstruating females than the men-
struated females (p = 0.01, 0.04, and 0.02. respec-
tively). However, when age was adjusted, the differ-
ence between the groups was insignificant (p = 0.07
and 0.078 for IGF-1 and IGFBP-3, respectively).

Multiple regression analysis

Multiple regression analysis was applied
to demonstrate what factors had effect on the con-
centrations of IGF-1 and IGFBP-3. The results
showed that sex, age, and stage of puberty affected
the concentration of IGF-1, whereas, only sex and
age, but not stage of puberty, affected the concen-
tration of IGFBP-3.
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Fig. 5. The linear correlation of IGF-1 and IGFBP-3 in males (A) and females (B) (r = 0.7; p < 0.01* for both
curves).
Table 3. Comparison between menstruating and non-menstruating Tanner stage HI and IV females in age,
serum IGF-1 and IGFBP-3 levels (mean + standard deviation).
N Age IGF-1 IGFBP-3
Non-menstruating 16 123+09 337.8+ 346 3812 + 182
Menstruating 30 13.7+05 450.7 + 314 1408 + (40
p value 0.01 0.04 0.02
p value when adjusted for age - - 0.07 0.078

DISCUSSION

Our results showed that the concentration
of IGF-1 depended on age, sex, and stage of puberty,
and the concentration of IGFBP-3 depended only on
age and sex. The age-dependent IGF-1 and IGFBP-3
were clearly shown by the increasing level with age
in both sexes. The sex-dependent was shown by
the greater concentrations of IGF-1 and IGFBP-3 in
females than males at almost all ages. Stage of
puberty had an effect on the concentration of only
IGF-1, but not the IGFBP-3, which could be
explained by the smaller variation difference of
IGFBP-3 than the IGF-1 levels.

The age, sex, and stage of puberty-depen-
dent IGF-1 and IGFBP-3 concentrations can be
explained by the distinct pattern of growth and
puberty between males and females. As already
known, puberty, along with the peak growth velo-
city, occurs about 2 years earlier in females than
males(10,13-15) The increased concentrations of
sex steroids during the time of puberty then augment

the growth hormone secretion which result in n-
creased production of IGF-1 and IGFBP-3(16-18),
Furthermore, the sex steroids may have a direct
action on the production of IGF-1 and IGFBP-3. In
our study, the influence of sex steroids on IGF-1
and IGFBP-3 concentrations was clearly demon-
strated as the levels increased according to the
stage of puberty. However, the significant effect of
sex steroids was found only on the concentration of
IGF-1, but not the IGFBP-3. The peak concentra-
tions of IGF-1 and IGFBP-3 occurred at age 15
years in males and age 13 years in females, which
were close to the mean ages of children in Tanner
stage IV or mid-puberty in both sexes. When we
compared the concentrations of IGF-1, as well as
the IGFBP-3, between males and females in the
same stage of puberty, we found a significant dif-
ference of IGF-1 only in subjects within Tanner
stage II and stage V, and the difference of IGFBP-3
only in subjects within Tanner stage V. The signifi-
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Table 4. Multiple regression analysis of factors
affecing serum levels of IGF-1 and IGFBP-
3.

Factors p value for IGF-1 p value of IGFBP-3

Sex 0.001 0.001

Age <0.001 0.003

Puberty < 0.001 0.339

cant lower level of IGF-1 in females than males in
Tanner stage II is probably explained by the almost
2 years younger age of females, while females in
other groups were only 1.2 to 1.4 years younger
than males. For Tanner stage V, the significant
greater concentrations of IGF-1 and IGFBP-3 in
females is not exactly known. A possible explana-
tion is the distinct type and pattern of sex steroid
secretion. The sex steroids in females are estro-
gens and their secretions are cyclic related with
menstruation. The sex steroids in males are andro-
gens and their secretions are relatively more con-
stant, have less fluctuation, and are not cyclic.
Numerous studies have shown a higher growth
hormone secretion in females than in males which
was postulated to be a result of a greater stimula-
tory effect of estrogens on hypothalamic-pituitary
axis or a decrease in the metabolic clearance rate of
growth hormone in women(19.20). However, the
effect of menstrual cycle in females on the concen-
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trations of IGF-1 and IGFBP-3 was insignificant
when age was adjusted.

The concentrations of IGF-1 and IGFBP-3
in our study was approximately 50-100 ng/ml and
200-400 ng/ml, respectively, lower than those in the
studies from Western countries(21,22), As already
known, the concentrations of IGF-1 and IGFBP-3
are affected by various factors such as nutritional
status, exercise, and illness(1-4). All these factors
effect the amount of growth hormone secretion, as
well as the IGF-1 and IGFBP-3 production. Hence,
the lower concentration of IGF-1 and IGFBP-3 in
our population than Caucasians is possibly ex-
plained by the difference in ethnic(23), socioecono-
mic status, nutritional intake (less protein, less
dairy products), and social life-style (less activity,
less exercise). The other important fact is a dif-
ferent measuring method. Our study used IRMA.
whereas most of the Western studies used RIA(24).
However, this can not be the explanation since the
IRMA method is a more sensitive method than
RIA. Hence, the lower concentration measured by
the IRMA method should be a much lower con-
centration than when measured by the RIA method.

In conclusion, we demonstrated the effect
of age, sex, and stage of puberty on the serum con-
centration of IGF-1 and IGFBP-3. All these factors
should be included when evaluating children with
an abnormal growth pattern(25-27), Furthermore, we
emphasize to have the standard IGF-1 and IGFBP-3
concentrations of Thai children for evaluation of the
growth hormone status in our own population.

(Received for publication on November 20, 1998)
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