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The Effect of Endurance-Type Exercise Training
on Growth Mediators and Inflammatory

Cytokines in Pre-Pubertal and Early
Pubertal Males

TIMOTHY P. SCHEETT, DAN NEMET, JAMES STOPPANI, CARL M. MARESH,
ROBERT NEWCOMB, AND DAN M. COOPER

Center for the Study of Health Effects of Exercise in Children, University of California, Irvine, College of
Medicine, Orange, California, U.S.A. [T.P.S., D.N., R.N., D.M.C.]; Human Performance Laboratory,

Department of Kinesiology, University of Connecticut, Storrs, Connecticut, U.S.A. [T.P.S., J.S., C.M.M.]

Recent studies demonstrate an unexpected reduction in cir-
culating levels of IGF-I after 5 wk of endurance-type exercise
training in adolescent boys and girls and prepubertal girls. We
hypothesized that the reduction in IGF-I would be accompanied
by a training-associated stimulation of proinflammatory cyto-
kines IL-1�, IL-6, or tumor necrosis factor-� (TNF-�), each of
which can inhibit the GH3 IGF-I axis. Healthy boys (age range
9–11 y old, mean Tanner 1.7) volunteered for the study and were
randomized to control (n � 14) and training groups (n � 12) for
5 wk. After the intervention, significant increase in fitness was
observed in the training group but not control group. Although
IGF-I was correlated at baseline to peak oxygen consumption in
all subjects, there was a significant decrease in IGF-I and IGF
binding protein-3 in the training subjects (�12.8 � 7.3% and
�17.5 � 7%, respectively, p � 0.05). In contrast, IGF binding

protein-2, known to inhibit anabolic effects of IGF-I, increased in
the training subjects (27.8 � 11%, p � 0.02) as did IL-1� and
TNF-� (51.5 � 30.22%, p � 0.02, and 44.5 � 23.2%, p � 0.02,
respectively). Finally, we also found that GHBP was inversely
correlated with fitness, suggesting altered GH function in more-
sedentary boys. Thus, these data support the hypothesis that a
sustained increase in physical activity can stimulate proinflam-
matory cytokines, which may contribute to suppression of the
GH3 IGF-I axis. Physical activity can influence growth and
development through its influence on anabolic and catabolic
mediators. (Pediatr Res 52: 491–497, 2002)

Abbreviations
TNF-�, tumor necrosis factor-�
IGFBP, IGF binding protein

The GH3 IGF-I axis is a system of growth mediators,
receptors, and binding proteins that control somatic and tissue
growth in many species (1). Exercise training is linked to
anabolic function through this axis, as previous cross-sectional
studies from this and other groups have demonstrated that GH
pulsatility and circulating IGF-I are higher in fitter adolescents
and adults (2–5). In contrast, we have consistently demon-
strated a decrease in circulating elements of the GH-IGF-I axis
in postpubertal males and females and in prepubertal girls in
response to aerobic exercise (6, 7). This was surprising for two
reasons: first, because the training regimen led to significant
increases in muscle mass and fitness without weight loss; and

secondly, because IGF-I is known to be correlated with fitness
in adults and adolescents, indicating a training-associated en-
hancement of anabolic activity (3–5).

Although the exact mechanism for this suppression of the
GH3 IGF-I axis is unknown, one possibility may involve the
exercise-induced increase in the proinflammatory cytokines
IL-1�, IL-6, and/or TNF-�. The inflammatory cytokines are a
group of low-molecular-weight polypeptides involved in cell-
to-cell communication, including immune function and inflam-
matory responses after acute and chronic stimuli. Several
studies have reported that exercise acutely resulted in an
elevation of serum cytokine concentrations, namely IL-1�,
IL-6, and TNF-� (8). These inflammatory cytokines may de-
crease circulating IGF-I levels through a number of ways and
may attenuate the IGF-I bioactivity via increasing the inhibi-
tory IGFBP. A recent investigation by our group reported that
an acute 90-min exercise bout resulted in significant increases
in IL-6, TNF-�, and IGFBP-1, with a concomitant decrease in
IGF-I in prepubescent boys (9).
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Therefore, the purpose of this current study was to investi-
gate the interaction between serum growth factors and the
inflammatory cytokines. We hypothesized that a 5-wk aerobic-
type exercise intervention would also lead to an attenuation of
GH3 IGF-I activity in pre-pubertal and early pubertal boys.
We additionally hypothesized that a possible mechanism for
the suppression in IGF-I is an exercise-associated stimulation
of proinflammatory cytokines.

METHODS

Sample population. Twenty-nine healthy pre-pubertal and
early pubertal boys originally volunteered to participate in this
study. The subjects were all students in a local summer school
with class hours from 0830 to 1130 h. The ethnic configuration of
the group was 59% Caucasian, 31% Asian, 7% East Indian, and
3% Hispanic. No attempt was made to recruit subjects who
participated in competitive extramural athletic programs. The
study was designed to examine pre-pubertal and early pubertal
males with an age range of 8–11 y (mean 10.0 � 0.3 y).
Measurements of height and weight were made using standard
techniques. Body composition was assessed using a pediatric
specific two-site (tricep and calf) skinfold equation (10). All
preparticipation and postparticipation skinfold thicknesses were
measured by the same technician using a Lange skinfold caliper.

A preparticipation physical and history was performed by a
staff pediatrician to ensure that all subjects were healthy and
capable of participating in a training program. Assessment of
pubertal status was performed by examination in all of the
subjects. Eight of the subjects were found to be at Tanner level
I, 18 at Tanner level II, and three between Tanner level II and
III. To focus the study on early puberty, the data from these
three subjects were not included in the analysis.

The participants were randomized to a control (n � 14) or
training group (n � 12). Control subjects enrolled in four
45-min “sit-down” courses. Training group subjects partici-
pated in 90 min of aerobic-type activity interspersed through-
out the 3 h each day. The subjects participated in the program
5 d a week for 5 wk. The aerobic-type training consisted of
age-appropriate and sport-specific drills and games as well as
running, jumping, aerobic dance, and competitive sports (about
50% team sports and 50% running games, e.g. flag football,
rugby, soccer, etc.). The aerobic activity sessions were sepa-
rated by periodic “sit-down” classroom instruction time. The
intervention was designed to mimic the type and intensity of
exercise that elementary school boys normally perform. These
activities were varied in duration and intensity throughout the
week, and were designed primarily as games to encourage
enthusiasm and participation of the subjects.

No attempt was made to influence extracurricular levels of
physical activity in either the control or trained groups, but
participants were asked not to change their activity patterns
from those before the study. The study was approved by the
institutional human subject review board. Informed assent was
obtained from the subjects and informed consent from their
parents or guardians.

Measurements of fitness. We assessed peak oxygen uptake
(V̇O2peak) before and after the training intervention using a

ramp-type progressive exercise test on a cycle ergometer in 
which the subject exercised to the limit of his tolerance. Gas

exchange was measured breath-by-breath (11) and the V̇O2 
peak was determined as previously described for children and 
adolescents (12).

Blood sampling protocols. Subjects were admitted to the 
General Clinical Research Center at the University of Califor-
nia, Irvine, Medical Center. An early morning, fasting blood 
sample was collected from a forearm vein for measurements of 
circulating IGF-I, IGFBP-1–3, GH binding protein (GHBP), 
IL-1�, TNF-�, IL-6, IL-1 receptor antagonist (IL-1ra), and 
cortisol. Blood samples were collected the week before, and 
within 2–3 d after the completion of the training intervention 
and serum samples were stored at �70°c. None of the subjects 
trained during the day preceding the blood sampling. All 
preintervention and postintervention specimens were analyzed 
in the same batch by technicians who were blinded to the group 
and order of the samples.

IGF-I. IGF was extracted from IGFBP using the acid-
ethanol extraction method (13). Serum IGF-I concentrations 
were determined by a two-site immunoradiometric assay 
(IRMA) using the DSL-5600 Active kit (Diagnostic System 
Laboratories, Webster, TX, U.S.A.). IGF-I interassay coeffi-
cient of variation (CV) was 3.7–8.2% and intra-assay CV was 
1.5–3.4%. Assay sensitivity was 0.8 ng/mL.

IGFBPs 1-3. IGFBP-1 and -3 were measured by coated-tube 
IRMA. IGFBP-2 was measured by RIA. Serum IGFBP-1–3 
were measured using commercially available kits (Diagnostic 
System Laboratories Inc.). For IGFBP-1, interassay CV was 
1.7–6.7% and intra-assay CV was 2.1–4.2%. Assay sensitivity 
was 0.11 ng/mL. For IGFBP-2, interassay CV was 6.4% and 
intra-assay CV was 6.5%. Assay sensitivity was 0.5 ng/mL. 
For IGFBP-3, interassay CV was 0.6–1.9% and intra-assay CV 
was 1.8–3.9%. Assay sensitivity was 0.5 ng/mL.

GHBP. GHBP was measured using the ligand-mediated im-
munofunctional assay (14). Interassay CV was 9.7–12.9% and 
intra-assay CV was 6.3–8.9%. Assay sensitivity was 7.8 pmol/L.

Cortisol. Serum cortisol levels were determined by a com-
mercial RIA (Diagnostic Products, Los Angeles, CA, U.S.A.). 
The intra- and interassay CV for this assay were 3.2% and 
6.8%, respectively.

Inflammatory cytokines. Serum IL-1�, TNF-�, IL-6, and 
IL-1ra were measured via ELISA from R & D  Systems (Min-
neapolis, MN, U.S.A.). For IL-1�, interassay CV was 5.3–
9.0%, intra-assay CV was 1.6–4.0%, and assay sensitivity was 
0.059 pg/mL. For TNF-�, interassay CV was 7.8–10.4%, 
intra-assay CV was 5.6–6.1%, and assay sensitivity was 0.180 
pg/mL. For IL-6, interassay CV was 7.1–29.5%, intra-assay 
CV was 3.8–11.1%, and assay sensitivity was 0.094 pg/mL. 
For IL-1ra, interassay CV was 4.4–6.7%, intraassay CV was 
3.1–6.2%, and assay sensitivity was 21.9 pg/mL.

Statistical analysis. Unpaired t tests were used to determine 
differences in circulating components of the GH-IGF-I axis, 
cytokines, and demographic data between control and training 
group subjects before the training intervention. Two-way re-
peated measures ANOVA was used to compare the effect of 
the intervention on circulating components of the GH-IGF-I 
axis and cytokines, with time serving as the within-group
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factor and training as the between-group factor. When
ANOVA was found to be significant, intergroup comparisons
were made using modified t tests by the method of Duncan.
Pearson correlation was used for the cross-sectional studies
relating the circulating components of the GH-IGF-I axis,
cytokines, and fitness data. Statistical significance was set at �
� 0.05 level. Data are presented as mean � SE.

RESULTS

Effects of Training on Body Size and Fitness

Subject characteristics are presented in Table 1. No signif-
icant differences were found between the trained and control
groups. Before the intervention, V̇O2 peak/kg (control and
training) was negatively correlated to body mass index (BMI)
percentile (r � �0.65, p � 0.0005). The training protocol
resulted in a significant increase in V̇O2 peak (44.8 � 1.6 to
50.5 � 2.1 mL/kg/min, p � 0.002) in the trained group while
the control group had a nonsignificant decrease in V̇O2 peak
(44.8 � 2.4 to 43.0 � 2.2 mL/kg/min, NS), resulting in a
significant difference between the groups (12.9 � 3.7%, �3.51
� 2.9%, p � 0.0009). No changes were observed in body
weight or fat percentage after the intervention.

Circulating Components of the GH-IGF-I Axis

Cross-sectional data. The strongest correlations between either
body composition or fitness and elements of the GH3IGF-I axis
were found for GHBP. GHBP was positively correlated with body
weight (r � 0.74, p � 0.0005) and BMI percentile (r � 0.73, p �
0.0005, Fig. 1) and was negatively correlated with the normalized
peak V̇O2·/kg (r � �0.53, p � 0.005). IGF-I was significantly
correlated with peak V̇O2 (r � 0.49, p � 0.013). Finally, IL-1ra
was found to be negatively correlated with the normalized peak
V̇O2·/kg (r � �0.51, p � 0.009).

Effects of exercise training. The effects of the 5-wk aerobic-
type exercise training protocol on circulating components of the
GH-IGF-I axis and cytokines are summarized in Tables 2 and 3,
and Figures 2–4. Before the training intervention, we observed
significant differences between the exercise and control groups in
GHBP, IL-6, and TNF-�. Training resulted in a significant de-
crease in IGF-I and IGFBP-3 while eliciting a significant increase
in IGFBP-2. Exercise training had no effect on IGFBP-1.

Training also led to a significant increase in the proinflam-
matory cytokines IL-1� and TNF-�. IL-6 decreased signifi-

cantly in the control group, with no significant change in the
training group subjects, and there was a significant between-
group difference in the IL-6 response (p � 0.04).

The decrease in IGFBP-3 (�BP3) was negatively correlated
with the increase in TNF-� (r � �0.562, p � 0.003) and with
the change in IL-6 (r � �0.41, p � 0.042). We also found a
positive correlation between the increase in fitness and the
increase in TNF-� (r � 0.54, p � 0.002).

DISCUSSION

The present study demonstrates that a 5-wk aerobic-type
exercise protocol leads to a significant increase in peak V̇O2 in
healthy pre-pubertal and early pubertal boys. Previous studies
from this and other laboratories suggest that about 50% of the
increase in the peak V̇O2 from this type of training program is
due to an increase in muscle mass (15). Despite the apparent
anabolic adaptation in the training subjects, the training pro-
gram was not accompanied by measurable increases in IGF-I,
as might be expected from previous cross-sectional studies (3).
In fact, training in this group of pre-pubertal and early pubertal
boys led to significant decreases in the growth mediators IGF-I
and IGFBP-3 (Figs. 2 and 3). IGFBP-3 is responsible for
�90% of binding of IGF-I, and some investigators suggest that
IGFBP-3 may activate anabolic bioactivity of IGF-I (16). The
IGF-I results presented here are consistent with previous re-
sults from our group using similar protocols in prepubertal girls
(5) and adolescent boys (6) and girls (7) (Fig. 2).

A potential confounding variable in the interpretation of
these results is the duration of the reduction of IGF-I observed
in response to exercise. Acute exercise leads to a brief increase
in IGF-I, but, if the exercise is sufficiently intense, is followed
by a reduction (17, 18). There are no studies that have exam-
ined the duration of the exercise-associated reduction in circu-
lating IGF-I, but recent observations from Nindl et al. (19)
indicate that IGF-I returns to baseline levels at least overnight
after a heavy bout of exercise.

Table 1. Subject characteristics

Control
(n � 14)

Trained
(n � 12)

Age (y) 10.04 � 0.34 9.95 � 0.42
Tanner stage (n)

1 5 3
2 9 9

Height (cm) 140.7 � 1.9 140.9 � 2.8
Weight (kg) 36.83 � 2.1 33.75 � 2.7
BMI (kg/m2) 18.44 � 0.8 16.71 � 0.7
Percent fat (skin folds) 23.8 � 2.5 22.4 � 2.1

Results are shown as mean � SE. No statistically significant differences
were noted between the groups in any of these measures. BMI, body mass
index.

Figure 1. Correlation between GHBP and body composition (expressed as
BMI percentile). A positive correlation (r � 0.73 p � 0.0005) was found. The
data also suggest a BMI percentile threshold (~80th percentile) above which
GHBP increases dramatically, suggestive of GH suppression.
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In addition to the reduction in IGF-I, we also observed
significant elevation in the proinflammatory cytokines IL-1�
and TNF-� in the trained but not control subjects. IGFBP-2
[one of the IGF binding proteins believed to inhibit IGF-I
bioactivity (20)] was also elevated after training (Fig. 3).
Interestingly, IL-6 decreased in the control subjects as did

cortisol, but these decreases were not observed in the training
group. Elevated cortisol and inflammatory cytokines reflect
both psychosocial and physical stress (i.e. activation of the
hypothalamic-pituitary axis). Thus, it is possible that stress was
reduced in control subjects over the 5-wk period, but that
participation in the exercise program inhibited the conditions
of the summer school that were limiting stress. Finally, it is
also possible that seasonal variations in cortisol levels were
responsible for the decrease observed in the control subjects. A
summer seasonal reduction in cortisol has been observed in
adults (21). Perhaps the training program prevented a seasonal-
related cortisol decrease in the exercising group.

Our data also imply an endocrine response in the healthy
training group children that is more classically consistent with

Figure 2. Effect of 5 wk of endurance-type exercise training on circulating
levels of IGF-I in healthy children and adolescents. Previously published data
from similar experiments conducted by this research group (see text) are
redrawn here from adolescent females, adolescent males, and prepubertal girls.
In adolescents, there was a significant reduction in IGF-I. In prepubertal girls,
an increase in IGF-I in the control subjects was attenuated by participation in
the exercise training program. In the present study in pre-pubertal and early
pubertal boys, there was a small but significant (*p � 0.05) decrease in IGF-I
observed only in the training subjects. In all cases, the initial hypothesis that
exercise training would lead to an increase in IGF-I levels was not supported.

Figure 3. Effect of 5 wk of aerobic-type exercise protocol on V̇O2 peak,
IGFBP-2, and IGFBP-3. Data are expressed as the mean � SE percentage
change of each variable. V̇O2 peak and IGFBP-2 were significantly increased
whereas IGFBP-3 was significantly decreased after the 5-wk exercise protocol
(*p � 0.05, between groups).

Table 2. The effect of 5 wk endurance-type exercise training on circulating components of the GH-IGF-I axis and cortisol in pre- and
early pubertal males

Control (n � 14) Trained (n � 12)

Pre pubertal Post pubertal Pre pubertal Post pubertal

IGF-I (ng/mL)† 180.4 � 15.2 166.8 � 17.1 202.75 � 20.2 173.4 � 21.4*
IGFBP-1 (ng/mL) 41.5 � 6.2 43.4 � 6.2 47.6 � 8.6 44.5 � 8.8
IGFBP-2 (ng/mL)† 457.3 � 31.9 469.5 � 36.5 351.4 � 44.5 429.0 � 54.2*
IGFBP-3 (ng/mL)† 43.4 � 1.8 43.0 � 1.6 42.9 � 1.9 34.8 � 3.3*
GHBP (pmol/L) 251.3 � 38.5 241.4 � 38.9 153.2 � 25.6 151.0 � 22.4
Cortisol (nmol/L)† 264.6 � 38.5 193.0 � 23.6* 265.4 � 30.5 271.5 � 32.7

Results are shown as mean � SE. *p � 0.05 within group; †p � 0.05, between groups.

Table 3. The effect of 5 wk endurance-type exercise training on inflammatory cytokines in pre- and early pubertal males

Controls (n � 14) Trained (n � 12)

Pre pubertal Post pubertal Pre pubertal Post pubertal

IL-1� (pg/mL)† 0.96 � 0.43 0.57 � 0.20 0.76 � 0.24 0.98 � 0.27*
TNF-� (pg/mL)† 3.23 � 0.29 2.75 � 0.23* 5.22 � 0.61 6.99 � 0.98*
IL-6 (pg/mL)† 1.60 � 0.16 1.08 � 0.16* 0.6 � 0.06 0.63 � 0.05
IL-1ra (pg/mL) 247.2 � 42.6 176.6 � 17.4 261.96 � 19.69 261.45 � 19.21

Results are shown as mean � SE. *p � 0.05, within groups; †p � 0.05 between groups.
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a catabolic rather than anabolic environment. Indeed, subjects
with the greatest increases in TNF-� and IL-6 over the training
period tended to have the largest reductions in IGFBP-3.
Moreover, the subjects who improved the most (i.e. with
greatest increase in VO2max/kg) were the ones with greatest
increase in the proinflammatory cytokine TNF-�.

The data support the notion of an IGF-I paradox raised
previously by our group. IGF-I decreased in the training sub-
jects after 5 wk without loss of body weight or alterations in
body composition, and despite increases in cardiorespiratory
responses to exercise. Although we did not report intervention
effects on nutrient intake, which clearly could influence levels
of circulating IGF-I (22), the lack of change in either body
weight, BMI, or percentage body fat are not consistent with a
nutritional cause for the reduction in circulating IGF-I. Our
data do suggest, however, that the mechanism for the reduction
in IGF-I and IGFBP-3 in the pre-pubertal and early pubertal
boys might be, in part, related to a training-associated increase
in basal levels of certain proinflammatory cytokines.

Divergent IGF-I responses to exercise have been previously
observed. As noted, cross-sectional data indicate that circulat-
ing IGF-I is correlated with muscle mass and cardiorespiratory
indexes of fitness. Moreover, a number of recent studies have
shown prospectively that IGF-I increases with training (23,
24). But, as noted above, Smith et al. (22) studied a group of
healthy young adult males for 10 d and found that increased
physical activity exacerbated the well-described reduction in
IGF-I that had been known to accompany caloric restriction. In
adolescents, reduced IGF-I associated with training has been
observed in high school wrestlers and in highly trained female
gymnasts (25, 26). But in these previous studies, the exercise
training program was accompanied by loss in body mass,
providing clear evidence for a true catabolic state. By contrast,
in the present study, as well as in our previous observations
from this series in prepubertal girls and adolescents, no weight
loss was observed over the duration of the training period.
These data suggest that the initial reduction in circulating IGF-I
in response to training is related specifically to exercise and not
only to alterations in overall energy balance.

What is it about exercise that might lead to reductions in
circulating levels of IGF-I ? One hypothesis is that single bouts of
exercise in children could, like in adults (27, 28), stimulate
proinflammatory cytokines known to directly inhibit anabolic
activity of the GH3 IGF-1 axis. The cumulative effect of these
individual exercise perturbations would be to lower basal levels of
IGF-I. As an extreme example of this paradigm, in children with
systemic inflammatory diseases, chronically elevated IL-6 leads to
reduced basal IGF-I and impaired somatic growth (29–31). In
support of this hypothesis is recent evidence from our group
demonstrating increases in IL-6, TNF-�, and IL-1ra after a stan-
dard soccer practice in prepubertal children (9).

The data from the current study also corroborate the inflam-
matory cytokine hypothesis. However, in the present study, we
did not measure the acute response to single exercise bouts but,
rather, the cumulative effect of an exercise training program.
We found significant increases in resting levels of IL-1� and
TNF-� after the 5-wk training period only in the training-group
subjects. Although the cytokine response to acute exercise is
being studied extensively, far less is known about the longer-
term effects of training on basal levels of these mediators.
Smith (32) has suggested that, in adults, sustained circulating
levels of proinflammatory cytokines like TNF-� may be de-
tectable in the overuse syndrome found in individuals who
train excessively. We speculate that any training program in
which there is a substantial increase in energy expenditure due
to physical activity leads initially to an increase in circulating
levels of proinflammatory cytokines.

Further, if the training adaptation is successful, the proinflam-
matory cytokines fall, and with that decrease, the suppression of
IGF-I diminishes. A rebound in GH3 IGF-I axis may occur and,
eventually, IGF-I exceeds the pretraining levels. In this model,
fitter children, i.e. those who more frequently participate in vig-
orous physical activity, will have less evidence of activation of
proinflammatory cytokines than do less-fit children. Consistent
with this speculation is the observation that IL-1ra was inversely
correlated with peak V̇O2·/kg (in all subjects before the interven-
tion). Although IL-1ra serves, physiologically, an antiinflamma-
tory role, IL-1ra is stimulated by the proinflammatory cytokine
IL-6. Consequently, IL-1ra is a marker for activation of the
inflammatory cascade. Perhaps the inflammatory response to in-
dividual bouts of exercise diminishes with training, IL-6 stimula-
tion of IL-1ra is attenuated as well, and fitter children have lower
steady-state levels of IL-1ra.

Our study raises new questions about the role of inflamma-
tory cytokines in healthy children. The role of these cytokines
in pathologic states ranging from common colds to substantial
trauma is well documented (33); but the idea that fluctuations
of these mediators occur in response to common activities like
increases in physical activity in healthy children is novel.
Moreover, most studies would suggest that the proinflamma-
tory cytokines are catabolic for those tissues, like muscle,
involved in the training responses (34).
Ironically, the reduction in IGF-I and increase in proinflamma-

tory cytokines occurred despite an increase in peak V̇O2, reflect-
ing, most likely, increases in muscle mass. Clearly, some com-
pensatory mechanisms modulated these responses so that local
muscle growth could occur despite the systemic appearance of

Figure 4. Effect of 5 wk of aerobic-type exercise protocol on serum inflam-
matory cytokines IL-1�, IL-6, TNF-�, and IL-1ra. Data are expressed as the
mean � SE percentage change of each variable. There were significant elevations
in IL-1� and TNF-�. IL-6 increased in the exercise group but not significantly so;
however, compared with the control group this change was statistically significant.
IL-1ra did not change significantly (*p � 0.05 between groups).
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GH suppression. These mechanisms possibly include some that
we did measure, for example, the training-associated increase in
IL-1ra. This agent is stimulated by the inflammatory cytokines
and acts to block their biologic activity at the receptor level. In this
study, we did not measure free and bound IGF-I, but a number of
investigators have suggested that processes like IGFBP-3 prote-
olysis, known to increase with acute exercise (35), could preserve
unbound, more biologically available, IGF-I and, in this manner,
mitigate the effects of an overall reduction in circulating IGF-I.
Finally, there is evidence that even the proinflammatory cytokines
might, under the right conditions, act to promote muscle growth
and angiogenesis, processes necessary to the adaptive response to
exercise training (36–38).

A number of insights were gained from the analysis of the
relationship between initial fitness and body composition and
growth factors and cytokine data collected from all subjects
before randomization. First, similar to our previous studies in
adolescents and prepubertal subjects (5, 39), IGF-I is correlated
to peak V̇O2, most likely reflecting the strong relationship
between muscle mass and activity of the GH3 IGF-I axis.

Also, similar to recent observations that we made in prepu-
bertal girls (5), was the finding of a value of BMI percentile
above which systematic changes in GHBP levels occur (Fig.
1). In frankly obese subjects, GH is known to be suppressed
without reductions in IGF-I (40). This finding suggests a tissue
alteration in response to the low levels of GH, probably
through an increase in GH receptors. GHBP, the extracellular
component of the GH receptor, may reflect GH receptor num-
bers, but the precise relationship between the regulation of
GHBP and its “parent” GH receptor is not yet fully elucidated
(41). Along these lines, the inverse correlation between GHBP
and peak V̇O2/kg found in the present study are consistent with
the BMI data. Subjects with low peak V̇O2/kg (i.e. relatively
unfit) tended to have relatively high fat stores.

In summary, we demonstrated significant, exercise-training
associated increases in IL-1�, TNF-�, and IGFBP-2, with
concomitant decreases in IGF-I and IGFBP-3. These data
suggest that a 5-wk exercise intervention induced a systemic,
catabolic environment in pre-pubertal and early pubertal boys.
These findings are surprising considering the documented in-
crease in fitness (i.e. peak V̇O2). Whether or not this catabolic
environment abates as exercise training progresses and, even-
tually, there is a rebound in the activity of the GH3 IGF-I axis
(reflected in increased levels of circulating IGF-I) is not yet
known. Finally, the data lead to the speculation that levels of
physical activity might influence growth by altering both cat-
abolic and anabolic mediators.
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