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ABSTRACT 

To investigate the effect of pubertal development on serum 
levels of IGF binding protein-3 (IGFBP-3) and IGF-I. and the 
relationship between ICFBP-3 levcls and height, weight. weight 
for height and age (WFHA), and IGF-I levels, a cross-sectional 
study was performed in a Spanish basic education school in Vigo 
(NW Spain). The study was made up of 181 girls with a mean 
chronologic age of 11.03 2 0.22 y and 173 boys with a mean 
chronologic age of 10.9 5 0.23 y. The pubertal development was 
graded into three groups according to cstradiol and testosterone 
concentrations for girls and boys, respectively. All subjects were 
in good health and among the 5th and 95th percentile for height. 
Serum IGFBP-3 and plasma IGF-I concentration was determined 
by RIA. Pubertal development was significantly associated with 
IGFBP-3 and IGF-I concentrations in girls and boys, respectively 
( p  < 0.0001, analysis of variance). Multivariate regression anal- 
yses between IGF-I or IGFBP-3 with age, sex, and estradiol or 
testosterone show significative correlation in prepubertal chil- 
dren for IGF-I (r = 0 . 5 4 5 , ~  = 0.0001 and r = 0.574, p = 0.0001 
for girls and boys, respectively) and only in prepubertal boys for 
IGFBP-3 ( r  = 0.336, p = 0.0012). The linear correlation be- 
tween IGF-I and IGFBP-3 was significant in both prepubertal 

IGFBP-3 is one of a family of structurally related proteins 
that bind IGF peptides with high affinity and modifies their 
biologic actions (1-4). The biologic importance of IGFBP-3 
presu~nably relates to its ability to bind IGF peptide and modify 
IGF bioavailability and bioactivity. There is general agreement 
that plasma IGFBP-3 prolongs the half-life of the IGFs in the 
circulation, limits extra vascular transit, and serves as a reser- 
voir for these essential growth factors ( I ?  3, 5). Unlike IGF-I, 
IGFBP-3 circulates in high concentration (mg/L) and can be 
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( r  = 0.25, p < 0.0001) and pubertal ( r  = 0.40, p < 0.0001) girls, 
but only in prepubertal boys ( r  = 0.30, p .: 0.0001). Stepwise 
regression analysis between SD score (SDS)-IGFBP-3 or SDS- 
IGF-I as independent variables and heigt~t-SDS, weigh-SDS, 
WFHA, and age as dependent variables, show that IGFBP-3 or 
IGF-I are significantly correlated to WFHA only in prepubertal 
children. Present data suggest that interpretation of ICFBP-3 
concentrations during adolescence require:; knowledge of go- 
nadal steroid levels. and the determination of IGFBP-3 level is a 
useful parameter for clinical proposes mainly in prepubertal 
children. (Pediatr Res 38: 149-155, 1995) 

Abbreviations 
IGFBP-3, IGF binding protein-3 
WFHA, weight for height age 
E,, estradiol 
T, testosterone 
GH, growth hormone 
SDS, SD score 
CV, coefficient of variance 
ANOVA, analysis of variance 

reliably assayed from a small sample volume. Like IGF-I, 
IGFBP-3 is influenced by GH secretory status (6-8). 

D u r i n g  puberty an activation of the hypothalamo- 
hypophyseal-gonadal axis occurs and major alterations take 
place in the GH-IGF axis (9). Recent data show a distinct rise 
in IGF-I and IGFBP-3 concentrations during the adolescent age 
range. This spectacular rise is better associated with the stage 
of puberty than with chronologic age (10, 11). 

Nutrition has profound effects on the GH-IGF-I axis (12). 
Studies on severe malnutrition in children revealed low IGF-I 
concentrations in these subjects (13). The data imply that 
serum IGF-I reflect nutritional status, and some authors have 
suggested that serum IGF-I be used to monitor nutritional 
intervention in acutely i l l  adults (14, 15). The effects of nutri- 



150 ANDRADE ET AL. 

tion on IGF-I and IGFBP-3 in normal adolescents of both sexes 
have not been studied in detail. 

The goal of this study was to investigate the effect of 
pubertal development on serum levels of IGFBP-3 and IGF-I, 
and the relationship between IGFBP-3 levels and height, 
weight, body composition, sex steroid levels, nutritional state, 
and IGF-I levels in a school-based sample of prepubertal and 
pubertal normal children. 

METHODS 

Subjects. This cross-sectional study was made up of healthy 
children from a Spanish basic education school in Vigo City. 
The school was selected at random from all State Schools in 
the City. All first to eighth grade girls and boys were invited to 
participate. Of 447 eligible students 326 (165 girls and 161 
boys), whose parents had given their consent before starting 
the study, were included. At least 73% of all pupils from each 
academic level were studied. A group of 28 kindergarten 
children (13 girls and 15 boys) of the same Centre was also 
included. From the total of 354 pupils, 173 boys had a mean 
chronologic age of 10.9 t 0.23 y, ranging from 4.1 to 15.9 y, 
and 181 girls had a mean chronologic age of 11.03 -t 0.22 y, 
ranging from 3.4 to 16.1 y. The study was approved by the 
General Hospital Ethical Committee, and informed consent 
was obtained from the children's parents. 

To assess the effect of age on IGF-I and IGFBP-3, we 
grouped the subjects in four groups: 3-5 y, 6-8 y, 9-11 y, and 
12-15 y. 

Children were grouped according to their stage of pubertal 
development. Pubertal stages were established based on T and 
E, levels for boys and girls, respectively. The cut-off for 
prepubertal and pubertal stages for either T and E, were 
previously determined in a sample of 186 children (90 boys 
and 96 girls) from our normal pediatric population. Three 
groups of children (PI-P3) were studied. The PI group con- 
sisted of 116 prepubertal boys with T levels of less than 1.74 
nmol/L, and 74 prepubertal girls with E, levels of less than 
36.57 pmol/L. The P2 group consisted of eight early pubertal 
boys with T levels from 1.74 to 5.21 nmol/L, and 23 early 
pubertal girls with E, levels from 36.68 to 91.69 pmol/L. The 
P3 group consisted of 50 overt pubertal boys with T levels of 
more than 5.21 nmol/L, and 83 overt pubertal girls with E, 
levels of more than 91.69 pmol/L. The baseline characteristics 
of these groups are described in Table 1. 

Auxologic measurements. Standing height was measured 
using a portable direct reading Harpenden stadiometer. Weight 
was determined for the children without shoes or coats using a 
calibrated electronic scale. To study the effect of stature, height 
was expressed as SDS for chronologic age, using the Tanner- 
Whitehouse standards (1975). 

To evaluate the influence of nutritional state, weight was 
expressed as percentage of median WFHA, using the Tanner- 
Whitehouse standards (1 975). 

Samples. Morning blood samples (0900-1100 h) were taken 
during two school visits. Blood was obtained by standard 
venipuncture technique, and after clotting at 4OC and separa- 
tion by centrifugation, was frozen at -20°C until being as- 
sayed in the same run. 

Assay methods. Serum level of IGFBP-3 was assayed after 
a 561-fold dilution by RIA using a commercial kit (Mediagnost 
GmbH, FRG). The sensitivity of the assay was 0.06 &L, and 
half-maximum displacement occurred at 6 pg,L. The maximal 
interassay CV was 5.9% and the maximal intraassay CV was 
3%. Serum levels of IGFBP-3 were expressed as SDS (SDS- 
IGFBP3) for chronologic age, using our levels of reference. 

Plasma IGF-I concentration was determined by RIA using a 
commercial kit (Nichols Institute Diagnostic, San Juan Capist- 
rano, CA) after plasma was subjected to an extraction tech- 
nique (acid-ethanol precipitation) that removed binding pro- 
teins. The recovery from acid-ethanol extraction was from 89 
to 105%. The sensitivity was the 0.06 pg/L. The maximal 
interassay CV was 6.8%, and the maximal intraassay CV was 
3.2%. Serum levels of IGF-I were expressed as SD score 
(SDS-IGFI) for chronologic age, using our levels of reference. 

Total T levels were measured by solid-phase RIA using a 
commercial kit (Coat-A-Count, Diagnostic Products Corp., 
Los Angeles, CA). The sensitivity was 0.138 pmol/L (0.04 
ng/mL). The maximal interassay CV was 7.9%, and the max- 
imal intraassay CV was 4.9%. 

E, in serum was determined by solid-phase RIA using a 
commercial kit (Coat-A-Count, Diagnostic Products Corp.). 
The sensitivity was 18,355 pmol/L (5 pgimL); the maximal 
inter assay CV was 5.5% and the maximal intraassay CV was 
2.8%. 

Serum albumin as a biochemical indicator of the nutritional 
state, was measured by green of bromocresol automated anal- 
ysis by Hitachi System 717 (Boehringer Mannheim, GmbH, 
FRG). 

Table 1. Clinical characteristics nf the three ~ r o u p s  studied 

P 1. Prepubertal P2. Early pubertal P3. Overt pubertal 

Girls Boys Girls Boys Girls Boys 
Characteristic (17 = 74) (n = 116) (n = 23) (IZ = 8) (n = 83) (n = 50) 

Age (Y) 8.31 t 0.29 
SDS-height -0.29 t 0.09 
SDS-weight 0.54 2 0.1 1 
WFHA 110.12 t 1.63 
Albumin (g/L) 44.84 2 0.29 
T (nmol/L) 
E2 (pm01IL) 18.91 + 0.26 

Values are meall 2 SEM. 
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Statistics. Data less than assay sensitivity were assigned the 
value of assay sensitivity. The data were analyzed using Stat- 
view SE + Graphics for Macintosh. Results are expressed as 
mean ? SEM. The effect of gender and pubertal stage on 
IGFBP-3 and IGF-I levels, and differences between the exper- 
imental groups were evaluated by a one-way ANOVA, fol- 
lowed by Scheffe's F test). Due to IGF-I and IGFBP-3 being 
log-normal distributed, we also used log IGF-I and log 
IGFBP-3 for the relationship between both parameters. The 
effect of E, or T on IGFBP-3 or IGF-I was examined by 
multiple regression analyses including age. The effects of age, 
height-SDS, weight-SDS, and WFHA, and the relationships 
between the levels of IGFBP3-SDS and IGF-I-SDS were ex- 
amined by simple linear regression, multiple linear regression, 
and stepwise logistic regression analyses. p values less than 
0.05 were considered significant. 

RESULTS 

Relationship between chronologic age and ZGF-I or 
ZGFBP-3. The mean 2 SEM levels of IGFBP-3 and IGF-I in 
the children's population studied is displayed against age for 
the four age groups (Fig. 1, a and b). Serum IGFBP-3 levels in 
normal children showed a significant increase from the age of 
12 y (ANOVA, p < 0.001). Plasma IGF-I levels in boys 
followed a pattern similar to that for IGFBP-3, in contrast 
IGF-I levels increases earlier in girls (ANOVA, p < 0.001). 
The data for IGF-I and IGFBP-3 are displayed against age as 
a continuous variable in (Fig. 2). 

A significative linear correlation between chronologic age 
and IGF-I (r = 0.671, p < 0.0001) or IGFBP-3 (r = 0.469, p < 

0.0001) in the whole sample population was found. When 
subjects were divided according to their gonadal development, 
significative correlations between chronologic age and IGF-I 
were observed only in prepubertal girls and boys (r = 0.467, 
p < 0.0001 and r = 0.519, p < 0.0001, respectively). More- 
over, a significative weak correlation between chronologic age 
and IGFBP-3 was observed only in prepubertal boys (r = 

0.217, p = 0.019). 
Effect of puberty. Pubertal development was significantly 

associated with IGFBP-3 concentration in boys and girls. 
Among prepubertal children IGFBP-3 levels were 3.56 + 0.08 
mg/L and 3.48 2 0.07 mg/L for girls and boys, respectively. 
Among fully mature children IGFBP-3 were significantly 
higher than among prepubertal children; 4.75 ? 0.09 mg/L and 
4.65 5 0.11 mg/L for girls and boys, respectively, p < 0.0001, 
ANOVA (Fig. 3). 

Moreover, pubertal development was also significantly as- 
sociated with IGF-I. Among prepubertal children IGF-I con- 
centrations were 178.8 + 8.82 pg/L and 166.7 ? 6.58 pg/L for 
girls and boys, respectively. Among fully mature subjects 
IGF-I concentrations were significantly higher than among 
prepubertal children, 490.26 +- 16.12 pg/L and 448.28 -+ 
17.37 pg/L for girls and boys, respt:ctively, p < 0.0001, 
ANOVA (Fig. 4). Significative differences between the mean 
+ SEM values of early pubertal and prepubertal girls were 
observed for IGF-I levels but not for IGFBP-3 levels. 

Significative simple linear correlations between E, and 
IGF-I ( r  = 0.499, p < 0.0001) or IGFBP-3 (r  = 0.274, p < 
0.0001) among all girls and between T and IGF-I (r = 0.764 
p < 0.0001) or IGFBP-3 (r = 0.551, p < 0.0001) among all 

BOYS 

6 
- a* - 5 - 

-I . 
E' - 
3 3 
a 
E? 2 
s2 

1 

0 
3-5,99 6-8,99 9-1 1.99 12-16 

a) AGE (years) AGE (years) 

BOYS 

- - 
< < 

b) 3-5,99 6-8 99 9-1 1,99 12-16 
AGE (years) 

1 GIRLS 1 

3-5,99 6-8,99 9-1 1,99 12-16 
AGE (years) 

Figure 1. a,  Mean t SEM levels of IGFBP-3 against age in the four age groups of children studied. **p < 0.0001 (by ANOVA). b, Mean -t SEM levels of 
IGF-I against age in the four age groups of children studied. **p < 0.0001 (by ANOVA). 
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Figure 2. IGF-I and IGFBP-3 levels in girls and boys related to the age-dependent normal range. For both IGFBP-3 and IGF-I levels the normal range is given 
by thc Sth, 50th, and 95 th perccntilc. 
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Figure 3. Mcan 2 SEM lcvcls of IGFBP-3 in the three stages of pubertal development studied. PI, prepubertal; P2, early pubertal; P3, overt pubertal. '+"p < 
0.000 l (by ANOVA). 

boys were observed. However, when the subjects were divided 
into prepubertal and pubertal stages of development, a signif- 
icative linear correlation was observed in prepubertal children 
between IGF-I and sex steroids levels (E, or T), but only in 
prepubertal boys for IGFBP-3 and T levels. A significative 
weak linear correlation between E, levels and IGF-I ( r  = 0.30, 
p < 0.05) was also found in pubertal boys (Table 2). Multiple 
correlation analysis was then performed, using IGF-I or 
IGFBP-3 as independent variables and age and sex steroid 
levels as dependent variablcs. The significative correlation 
between IGF-I with E, or T was not modified in prepubertal 
girls and boys, respectively, whereas in pubertal boys we 
observed a lack of significative correlation ( p  = 0.069) be- 
tween IGF-I and E, when including age. Regarding IGFBP-3, 
we observed a significative correlation between this variable 

and T in prepubertal boys and a lack of correlation between 
IGFBP-3 and E, in prepubertal and pubertal girls (Table 3). 

Association between ZGF-Z and ZGFBP-3. IGFBP-3 levels 
were highly correlated to IGF-I levels in the whole sample of 
children (r = 0.617, p < 0.0001) as well as among both girls 
( r  = 0.67, p < 0.0001) and boys ( r  = 0.505, p < 0.0001). 
However, when subjects were divided into prepubertal and 
pubertal stages of development, a significative correlation was 
observed among prepubertal girls ( r  = 0, 25, p = 0.031) and 
boys ( r  = 0.30 p = 0.0011) but only among pubertal girls (r = 

0.40, p = 0.002) (Fig. 5). 
When we used log IGF-I and log IGFBP-3 to study the data, 

a significative correlation between both parameters was also 
observed in girls ( r  = 0.676, p = 0.0001) and boys ( r  = 0.526, 
p = 0.0001). After being divided into prepubertal and pubertal 
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Figure 4. Mean I SEM levels of IGF-I in the three stages of pubertal development studied. Pl,  prepubertal; P2, early pubertal; P3, overt pubertal. **p < 0.0001 
(by ANOVA). 

Table 2. Sirnnle linear correlation coefficients between sex steroid levels and IGFBP-3 or IGF-I 
- 

IGFBP-3 IGF-I 

Prepubertal Overt pubertal Prepubertal Overt pubertal 
- 

Girls Boys Girls Boys Girls Boys Girls Boys 
Steroid (n = 74) (n = 116) (n = 83) (n = 50) (n = 74) (n = 116) (n  = 83) (n = 50) 

E2 0.074 0.122 0.119 0,385"** 0.1 13 0.30'' 

T 0,33"** 0.082 0.484*** 0.08 

Table 3. Multiple regression analysis o f  IGFBP-3 or IGF-I vs sex steroids and age 

IGFBP-3 IGF-I 

Prepubertal Overt pubertal Prepubertal Overt pubertal 

Girls Boys Girls Boys Girls Boys Girls Boys 

r 0.122 0.336 0.153 0.231 0.545 0.574 0.175 0.361 
LJ value NS 0.0012 NS NS 0.0001 0.0001 NS NS 

stages of development, significative correlation was main- 
tained among prepubertal girls ( r  = 0.361, p = 0.0016) and 
boys ( r  = 0.292, p = 0.0015) but only among pubertal girls 
(r = 0.468, p = 0.0001). 

Relationship between body composition and ZGF-Z or 
ZGFBP-3. The effect of height-SDS, weight-SDS, and WFHA 
on IGFBP-3-SDS or IGF-I-SDS levels, statistically adjusted 
for sex and age, was evaluated by multiple and stepwise 
logistic regression analyses. Serum IGFBP-3-SDS or IGF-I- 
SDS levels were significatively correlated only to WFHA in 
prepubertal children (Table 4). 

DISCUSSION 

We observed higher IGFBP-3 levels than the reported by 
Blum et al. (7)  in prepubertal children. The same antibody has 
been used in both studies but a different RIA method. Our data 
agree with recently reported data of Argente et al. (16), who 
used the same commercial RIA kit as was used in the present 
study. 

As was demonstrated in earlier studies (10, 11, 17) signifi- 
cative association between IGF-I or IGFBP-3 and pubertal 
development is established. Our results agree with these find- 

ings and extend the Wilson et al. (11, 17) data, which were 
obtained only for female subjects, to male subjects. 

A significative correlation between IGF-I and IGFBP-3 with 
chronologic age was observed in the whole sample of children 
which agrees with previous observations by Blum et al. (7, 18) 
and 3uul et al. (19). However, IGFBP-3 levels during normal 
adolescence are better associated to the pubertal stage than 
with chronologic age as occur with the IGF-I levels (17, 18, 
20). To avoid the semiquantitative ancl necessarily subjective 
Tanner scale and based on our own experience and previous 
studies (21-24), we classified the pubertal stages of develop- 
ment according to gonadal steroid levels. In this way a signif- 
icative correlation between T and IGF-I or IGFBP-3 levels in 
prepubertal boys, and between E, and IGF-I levels in prepu- 
bertal girls, was observed. These data were not previously 
reported. The lack of correlation in pubertal children was 
probably due to the heterogeneity of pu~bertal states. Moreover, 
in female subjects we lack information on the phase of the 
menstrual cycle. Our findings in male subjects agree with an 
earlier report by Weissberger and Ho (25). Their data sug- 
gested that T interacts with the somatotropic axis and was at 
least partially dependent on aromatization of T to E, (26). In 
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Figure 5. IGFBP-3 levels v.5 IGF-I in prcpubcrtal and pubcrtal children. a, In all the children (11 = 354, r = 0.617, 11 < 0.0001). h, In prepubertal children 
(11 = 190, I- = 0.283, p < 0.0001). c, In pubcrtal girls (n  = 83, r = 0.40, 11 < 0.0001). d, In pubertal boys (n = 50, r = 0.1 1, 11 = 0.445). 

Table 4. Multiple regression an~~1ysi.s ($ SDS-IGFBP-3 or SDS-IGF-I vs SDS-height, SDS-weight, WFHA, and age 

SDS-IGFBP-3 SDS-IGF-1 
-- 

Overt pubertal Overt pubertal 
Prcpubcrtal Prcpubcrtal 

girls and boys Girls Boys girls and boys Girls Boys 

r 0.329 0.309 0.1 18 0.444 0.288 0.215 
p valuc 0.0003 NS NS 0.0001 NS NS 

SDS-hcight NS NS NS NS NS NS 
SDS-wcighl 11 < 0.05 NS NS NS NS NS 
WFHA 11 < 0.005 NS NS 11 < 0.05 NS NS 

Agc 11 < 0.005 NS NS p < 0.0005 NS NS 

fact, when we studied the linear correlation between IGF-I or 
IGFBP-3 and E, levels in pubertal boys, significant correlation 
only between IGF-I and E, was observed, in agreement with a 
recent report by Ho et al. (27). The lack of significative 
correlation in pubertal boys between IGF-I and E2, when 
including age in multivariate regression analyses, could be due 
to the fact that in the pubertal stage the number of subjects is 
too low. These data suggested that other factors besides GH or 
sex steroid hormone levels might contribute to IGFBP3 level 
regulation. 

Although the physiologic regulation of IGFBP-3 concentra- 
tion is still unclear, serum IGFBP-3 is variably correlated with 
the IGF-I concentration. In fact, our results show a higher 
correlation between IGF-I and IGFBP-3 than the that from the 
data reported by Wilson e t  ul. (17), a similar correlation as in 
the recent data from Moshe et al. (28), and a lower correlation 
than results reported by Blum et ul. (18). In the present study, 
however, although IGF-I and IGFBP-3 levels were signifi- 

cantly correlated among girls, either in the whole group or 
when girls were divided into prepubertal and pubertal stages of 
development, among boys significant correlation between 
these variables was observed only in prepubertal subjects. The 
lack of correlation between IGF-I and IGFBP-3 in pubertal 
boys is not easily explained. Major differences between the 
various pubertal events in boys and girls, particularly regarding 
timing, could be explained by the different association between 
IGF-I and IGFBP3 according to gender (24). Further studies 
will be necessary to clarify this discordance. 

Data regarding the association between physical measures 
and IGFBP-3 levels, particularly in prepubertal children (18), 
are scarce. We found a weak statistically significant association 
between WFHA with serum IGFBP-3-SDS concentrations 
among the whole sample of prepubertal children. In contrast, 
we did not find any relationship between these parameters and 
IGFBP-3-SDS levels in pubertal girls and boys; our data 
extend the earlier findings by Wilson et al. (17) in female 
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