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ABSTRACT

SNOW, C. M., C. J. ROSEN, and T. L. ROBINSON. IGF-I/IGF-I/IGFBP-3 is higher in gymnasts than runners and predicts bone and
lean mass.Med. Sci. Sports Exerc.,Vol. 32, No. 11, pp. 1902–1907, 2000.Introduction: We examined the relationships between
insulin-like growth factor I (IGF-I), its binding protein (IGFBP-3), body composition, and bone mineral density (BMD) in collegiate
runners (N 5 13), gymnasts (N 5 10), and noncompetitive women (N 5 10).Methods: Subjects were evaluated by dual-energy x-ray
absorptiometry for body composition and BMD of the spine, hip, and whole body, fasting serum levels of IGF-I and IGFBP-3, and
dietary intake. The ratio IGF-I/IGFBP-3 was calculated as a marker of IGF-I bioavailability.Results: In ANOVA, IGF-I and
IGF-I/IGFBP-3 in athletes with oligomenorrhea and amenorrhea did not differ from eumenorrheic athletes; thus, values were pooled.
Lean/height2 and bone mass at the hip and spine were higher in gymnasts than runners and controls. Total caloric intake was similar
between groups. IGF-I and IGF-I/IGFBP-3 differed between groups with gymnasts having higher IGF-I values than runners (3976

58 vs 2886 73 ngzmL21, P , 0.001) and higher IGF-I/IGFBP-3 than controls and runners (0.0656 0.009 vs 0.0566 0.008 vs 0.0456
0.009,P 5 0.0001). In simple regression, IGF-I and IGF-/IGFBP-3 were related to lean/height2 and BMD of the lumbar spine and hip
(P , 0.01–0.0001). IGF-I and IGF-I/IGFBP-3 were multicollinear; thus, the ratio was used in subsequent stepwise regression. Lean
mass, corrected for body surface area (height2), independently predicted spine and trochanteric BMD (R2 5 0.26, 0.28, respectively),
whereas IGF-I/IGFBP-3 and lean/height2 together contributed to 48% of the variance in femoral neck BMD.Conclusion:We conclude
that, in this group of young adult women, lower BMD in runners may be due, in part, to lower levels of IGF-I and the ratio of
IGF-I-to-IGFBP-3 and that IGF-I may mediate the relationship between bone and lean mass.Key Words: IGF-I, IGFBP-3, IMPACT
EXERCISE, INSULIN-LIKE GROWTH FACTOR, BODY COMPOSITION

The mechanism by which bone responds to exercise is
unclear although there is speculation that it may be
mediated by insulin-like growth factor I (IGF-I).

IGF-I is an anabolic peptide produced by many cell types in
response to growth hormone but also has autocrine/para-
crine activity (28). Osteopenia is associated with reduced
IGF-I (22), and IGF-I correlates with body composition,
specifically lean mass (16). Because lean mass is positively
associated with bone mass, it is theorized that IGF-I may
mediate the muscle-bone interaction. It is also plausible that
IGF-I may be released locally from bone in direct response
to the mechanical loading from exercise.

There are limited studies that report higher IGF-I in
physically active versus nonactive individuals, but the type
of activity (aerobic versus muscle building) associated with
higher IGF-I differs (10,17). Furthermore, the relationship
between lean mass, IGF-I, and bone mass is controversial.
In the only investigation of young women, Davee et al. (10)
reported that performing muscle-building exercise was as-
sociated with higher IGF-I than engaging in aerobic exer-
cise. However, Bell and colleagues (4) found no difference

in circulating IGF-I between men engaged in muscle-build-
ing exercises and sedentary controls. Furthermore, Kelly et
al. (17) demonstrated a strong relationship between aerobic
capacity and IGF-I in mature pre- and post-menopausal
women, but no independent relationship between muscle
strength and IGF-I.

To gain a better understanding of the relationship of IGF-I to
muscle and bone, we sought to evaluate IGF-I and the ratio of
IGF-I-to-IGFBP-3 in elite female runners and gymnasts with
different levels of bone and lean mass that have been previ-
ously reported (27). Specifically, gymnasts had significantly
higher spine and hip bone mineral density (BMD) and lean
mass than runners and higher femoral neck bone mass than
controls. We hypothesized that gymnasts would have higher
IGF-I and IGF-I/IGFBP-3 than runners and that IGF-I would
predict lean and bone mass in this group of young women. The
ratio IGF-I-to-IGFBP-3 may be an important marker IGF-I
bioavailability and has been evaluated by others (16). Because
IGFBP-3 is fully saturated with IGF-I and II, a higher ratio
could mean that there is more IGF-I than IGFBP-3, allowing
IGF-I to more easily be transported into tissues by lower
molecular weight binding proteins.

METHODS

Subjects. Subjects were a subsample of the 61 young
women, aged 17–27 yr (mean6 SD 5 20.4 6 2.3 yr),
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initially were recruited to participate in this study previously
published (27). The runners (N 5 13) were competitive
middle- and long-distance runners (800 m to marathon) who
had trained for their event for at least the past year, ran a
minimum of 4–5 dzwk21, and at least 30 miles each week.
The competitive collegiate gymnasts (N 5 10) included
gymnasts from the Oregon State University team (ranked
fourth nationally). The control group (N 5 13) consisted of
college-aged women who exercised no more than 3 hzwk21,
experienced at least 10 menstrual periods per year, and were
within 10 pounds of their ideal body weight. All subjects
were in good health, were nulliparous, and did not smoke or
take any medication known to affect bone metabolism ex-
cept for oral contraceptives. Four runners, but no gymnasts
or controls, currently took oral contraceptive medication.
The Institutional Review Board of Oregon State University
approved the study, and each subject gave written informed
consent.

Procedures. All subjects completed a comprehensive
exercise, health, and nutrition questionnaire. Menstrual sta-
tus was determined for each subject by self-report. Subjects
reported their date of menarche, menstrual cycle history
since menarche, and menstrual status for the past year.
Menstrual cycle abnormalities included amenorrhea (0–3
cycleszyr21) and oligomenorrhea (4–9 cycleszyr21). A
woman was considered eumenorrheic if she reported 10 or
more menstrual cycles per year.

BMD (gzcm22) of the lumbar spine (L2–L4), proximal
femur and whole body was measured by dual energy x-ray
absorptiometry (DXA, Hologic QDR 1000/W; Waltham,
MA) in the Bone Research Laboratory at Oregon State
University. Body composition (fat mass and bone-free lean
mass) was evaluated from a DXA whole body scan. Coef-
ficients of variation in our laboratory for the lumbar spine,
femoral neck, and whole body BMD are 1% and 1.2% fat
and bone-free lean mass. Bone mineral apparent density
(BMAD) of the spine and hip was derived using the equa-
tions of Carter et al. (8). BMAD estimates the volumetric
density of the spine and hip and has a precision error of
approximately 11%.

IGF-I and IGFBP-3. Blood samples were drawn in the
morning after a 12-h fast. Serum was frozen and stored at
270°C, then sent to the laboratory of Dr. Cliff Rosen, St.
Joseph Hospital, Bangor, ME, for analysis of IGF-I and
IGFBP-3. Serum IGF-I was measured by RIA after removal
of almost all the IGFBP-s (i.e.,. 95%) by acid-ethanol
extraction followed by centrifugation and cryoprecipitation
(13). IGFBP-3 was measured by IRMA using a commercial
kids from Diagnostics System Laboratory (Webster, TX).
The inter- and intra-assay coefficients of variation for IGF I
and IGFBP 3 are 10% and 2.5% and 7.0% and 2.0%,
respectively.

Nutritional intake. All subjects except one runner com-
pleted a 4-d diet record. The 4 consecutive days included 2
weekdays and 2 weekend days, in order to record a more
representative dietary intake. From these records, average
daily intakes of the following nutrients were estimated using

Nutritionist III software (N2 Computing, Silverton, OR):
total energy and grams of carbohydrate, fat, and protein.

Statistical analyses. Data were analyzed using the
Statview II software package (Abacus Concepts, Inc., 4.10,
Berkeley, CA). Analyses included standard descriptive sta-
tistics analysis of variance (ANOVA) and simple and step-
wise regression. Due to the multiple comparisons con-
ducted, an alpha level of 0.01 was chosen to identify
statistically significant differences between groups. To de-
termine which of the three groups differed, apost hoc
Fisher’s PLSD test (P , 0.01) was performed. For all
variables, residuals were normally distributed.

RESULTS

General. In this group of athletes and controls, differences
in age, anthropometrics, age at menarche, and training as well
as number of menstrual cycles per year were similar to those
previously reported (27) and thus are representative of the
larger group of athletes and controls (Table 1). Body weight
was greater in controls versus runners, but gymnasts did not
differ from either group. However, fat mass and percent body
fat was higher in controls than in runners and gymnasts, but
lean mass was similar between groups. Because height was
different between groups and lean mass was significantly cor-
related with height (r5 0.50, P , 0.01), lean mass was
corrected for body surface area (lean/height in m2) as in our
previous report (27). Lean/height2 was significantly higher in
gymnasts than both runners and controls. Total caloric con-
sumption was 17286 659 kcal for runners, 18236 372 kcal
for gymnasts and 19906 307 kcal for controls and did not
differ between groups. Protein intake was similar between
runners, gymnasts and controls (67.76 29.5 g, 74.96 16.7 g,
65.46 14.5 g, respectively) as was carbohydrate intake (2856
121 g, 2856 55 g, and 2916 74 g, respectively). Although
controls consumed more fat than runners and gymnasts
(63.66 13.4 g vs 40.86 23.8 g and 45.46 16.6 g, respec-
tively), this difference was not statistically significant.

TABLE 1. Descriptive characteristics (means 6 SD) of runners (R), gymnasts (G),
and controls (C); differences between groups were determined by ANOVA;
significance set at P 5 0.01.

Runners
(N 5 13)

Gymnasts
(N 5 10)

Controls
(N 5 13)

Age (yr) 21.54 6 1.96a 19.60 6 1.10 19.05 6 1.48
Height (cm) 168.18 6 6.45 159.39 6 4.56b 165.69 6 7.91
Lean mass (kg) 43.53 6 3.52 44.21 6 5.08 44.14 6 4.79
Lean/height (m2) 15.39 6 0.91 17.35 6 1.19f 16.11 6 1.80
Fat mass (kg) 8.19 6 1.41 9.05 6 1.90 13.82 6 2.57c

Weight (kg) 53.74 6 4.91d 55.41 6 6.98 60.26 6 6.92
Menarche 14.39 6 1.34 15.88 6 1.52h 13.08 6 1.32
BMD (gzcm22)

Spine 0.955 6 0.125 1.166 6 0.134e 1.105 6 0.119e

Fneck 0.876 6 0.112 1.103 6 0.087g 0.969 6 0.115
Troch 0.739 6 0.113 0.876 6 0.074f 0.779 6 0.088
Wbody 1.030 6 0.060 1.097 6 0.062 1.093 6 0.069

FNBMAD (gzcm23) 0.186 6 0.026 0.249 6 0.027f 0.234 6 0.059
LSBMAD (gzcm23) 0.145 6 0.017 0.180 6 0.019e 0.167 6 0.017
IGFBP-3 (mgzL21) 6.46 6 1.37 6.29 6 1.00 5.85 6 0.84
IGF-I (ng/zmL21) 287.70 6 72.81 397.08 6 58.12f 330.73 6 85.2
IGF-I/IGFBP-3 0.045 6 0.009 0.064 6 0.009g 0.056 6 0.009

a P , 0.01, R . C & G; b P , 0.01, G , R; c P , 0.0001, C . G & R; d P , 0.01,
R , C; e P , 0.01–0.0001, G & C . R; f P , 0.01–0.0001, G . R; g P , 0.01–0.0001,
G . R & C; h P 5 0.0001, G . C.
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Although total caloric intake appears low for these athletes,
particularly runners, we followed them for 8 months and ob-
served no change in body weight (31). Thus, either caloric
consumption was likely underestimated or not a significant
factor in the lower IGF-I levels observed. Menstrual status was
irregular only in the athletic groups, with runners having one
amenorrheic and three oligomenorrheic subjects and gymnasts
having three oligomenorrheic subjects. Three runners took oral
contraceptives. Because IGF and BMD values were not dif-
ferent within groups between oligo- and amenorrheic athletes,
values were pooled for gymnasts and runners. Athletes with
irregularities and those on oral contraceptives had values sim-
ilar to eumenorrheic athletes (Tables 2 and 3).

IGF-I, IGFBP-3 and the Ratio of IGF-I-to-IGFBP-3

Analysis of variance. IGF-I was significantly higher in
gymnasts than runners whereas IGF-I/IGFBP-3 was higher
in gymnasts compared with both runners and controls (Ta-
ble 1). IGFBP-3 was not different between groups.

Simple and stepwise regression. In simple regres-
sion, IGF-I and IGF-I/BP-3 were significantly and, at the hip

site, strongly correlated with BMD at all sites except whole
body. IGF-I and IGF-I/IGFBP-3 were also highly correlated
with lean, but not fat, mass (Table 4). BMD and BMAD at
all sites were strongly associated with lean mass, but only
whole body BMD correlated with fat mass.

Because IGF-I and IGF-I/IGFBP-3 were highly corre-
lated (r . 0.75), only the ratio of IGF-I-to-IGFBP-3 was
included as a predictor variable in subsequent multiple re-
gression to determine predictors variables for bone. In step-
wise regression analysis, age, lean/height2, fat mass and the
ratio of IGF-I to IGFBP-3 were included as potential pre-
dictor variables for bone at each site. IGF-I/IGFBP-3 was
the most robust predictor of femoral neck BMD and, with
lean/height2, accounted for 48% of the variance at this site
(Table 5). At the trochanter, spine and whole body, lean/
height2 independently predicted BMD and accounted for
29–32% of the variance at these sites. Fat mass did not
independently predict bone at any site except for the whole
body, where it added 10% to the variance in BMD. IGF-I/
IGFBP-3 was the only independent predictor of femoral
neck BMAD, whereas only lean/ht2 independently predicted
lumbar spine BMAD.

Bone mineral. BMD and BMAD results between
groups were similar to those observed in our previous study
(27). Gymnasts had significantly higher femoral neck and
trochanteric BMD compared with both runners and controls;
lumbar spine and whole body BMD were significantly
greater in gymnasts than in runners. Controls exhibited
significantly higher spine BMD than runners, but did not
differ from runners or gymnasts for whole body BMD.
When bone mineral was expressed in terms of BMAD,
femoral neck values in gymnasts were higher than in runners
and controls, whereas controls were greater than runner;
lumbar spine values were significantly higher in gymnasts
than runners, but not different from controls (Table 1).

DISCUSSION

We report that gymnasts have higher IGF-I and IGF-I/
IGFBP-3 than runners and higher IGF-I/IGFBP-3 than
healthy control women. BMD was greater in gymnasts than
runners at the spine and hip and higher than controls at the
hip and lean mass was greater in gymnasts than runners.
Significant correlations were observed between IGF-I and

TABLE 3. Descriptive characteristics (means 6 SD) of runners (R), gymnasts (G),
and controls (C) excluding athletes with oligo- and amenorrhea; differences between
groups were determined by ANOVA; significance is set at P 5 0.01.

Runners
(N 5 9)

Gymnasts
(N 5 7)

Controls
(N 5 13)

Age (yr) 21.66 6 1.86a 19.64 6 1.17 19.05 6 1.48
Height (cm) 171.10 6 5.13b 160.11 6 5.19 165.69 6 7.91
Lean mass (kg) 44.84 6 3.17 45.65 6 5.18 44.14 6 4.79
Lean/height (kg/m2) 15.31 6 0.82 17.76 6 1.04c 16.11 6 1.80
Fat mass (kg) 8.50 6 1.37 9.66 6 1.54 13.82 6 2.57d

Weight (kg) 55.45 6 4.49 57.56 6 6.88 60.26 6 6.92
Menarche 14.56 6 1.36 15.56 6 1.52f 13.08 6 1.32
BMD (gzcm22)

Spine 0.998 6 0.097 1.194 6 0.155c 1.105 6 0.119
Fneck 0.907 6 0.102 1.125 6 0.070d 0.969 6 0.115
Troch 0.739 6 0.113 0.876 6 0.074 0.779 6 0.088
Wbody 1.045 6 0.060 1.114 6 0.060 1.093 6 0.069

FNBMAD (gzcm23) 0.190 6 0.019 0.255 6 0.026c 0.234 6 0.059
LSBMAD (gzcm23) 0.149 6 0.014 0.181 6 0.023c 0.167 6 0.017
IGFBP-3 (mgzL21) 6.74 6 1.50 6.22 6 1.16 5.85 6 0.84
IGF-I (ngzmL21) 302.87 6 70.66 394.16 6 63.63 330.73 6 85.2
IGF-I/IGFBP-3 0.045 6 0.009 0.064 6 0.006e 0.056 6 0.009

a P , 0.01, R . C; b P 5 0.01, R . G; c P , 0.01–0.0001, G . R; d P , 0.01–0.001,
C . R & G; e P , 0.01–0.0001, G . R & C; f P , 0.01, G . C.

TABLE 2. Anthropometric, bone, and IGF values for runners (N 5 4), and gymnasts
(N 5 3) with menstrual cycle irregularities, and runners on oral contraceptives (OC,
N 5 4); Values are not different from eumenorrheric athletes; significance set at
P 5 0.01.

Runners
(N 5 4)

Runners on OC
(N 5 4)

Gymnasts
(N 5 3)

Age (yr) 21.3 6 2.5 20.5 6 0.80 19.5 6 1.1
Height (cm) 161.61 6 3.65 170.66 6 4.00 157.69 6 2.57
Weight (kg) 49.89 6 3.75 54.7 6 5.93 50.40 6 4.84
Fat mass (kg) 7.49 6 1.39 8.96 6 1.65 7.64 6 2.20
Lean/ht (kgzm22) 15.56 6 1.22 14.98 6 0.86 16.41 6 1.13
BMD (gzcm22)

Spine 0.859 6 0.14 1.006 6 0.14 1.103 6 0.003
Fneck 0.805 6 0.057 0.905 6 0.11 1.053 6 0.116
Troch 0.656 6 0.128 0.679 6 0.11 0.828 6 0.061
Wbody 0.998 6 0.052 1.056 6 0.68 1.057 6 0.047

FNBMAD (gzcm23) 0.178 6 0.04 0.185 6 0.02 0.232 6 0.028
LSBMAD (gzcm23) 0.137 6 0.02 0.150 6 0.02 0.177 6 0.009
IGF-I (ngzmL21) 253.55 6 75.15 254.7 6 65.9 403.9 6 54.30
IGFBP-3 (mgzL21) 5.81 6 0.82 6.7 6 2.11 6.4 6 0.65
IGF-I/IGFBP-3 0.043 6 0.009 0.044 6 0.011 0.064 6 0.015

TABLE 4. Simple regressions for insulin-like growth factor and bone and body
composition; significance set at P 5 0.01.

IGF-I (ngzmL21) IGFBP-3 (mgzL21) IGF-I/IGFBP-3

Age (yr) 20.28 0.07 20.40
BMD (gzcm22)

Spine 0.43a 0.09 0.45a

Fneck 0.55b 0.12 0.58b

Troch 0.41a 0.07 0.43a

Wbody 0.33 0.10 0.32
BMAD (gzcm23)

Spine 0.38 0.03 0.43a

Fneck 0.22 20.21 0.43a

Body composition
Lean/height (m2) 0.56a 0.20 0.51a

Fat (kg) 0.14 20.15 0.28
a P , 0.01; b P , 0.001.
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IGF-I bioavailability and bone and lean mass. Both lean
mass and IGF-I bioavailability predicted femoral neck
BMD. Thus, our results supported our hypothesis that IGF-I
would be higher in gymnasts who have greater BMD and
lean mass than runners and that IGF-I would independently
predict lean and bone mass.

This study has several strengths. First, we evaluated a
cross section of healthy adult women who were recruited
based upon different exercise patterns. Runners engage in
high-level aerobic training, whereas gymnasts train for mus-
cle strength and power. Furthermore, gymnasts subject their
skeletons to impact forces that are 3–4 times higher than do
runners. Although controls were active, none engaged in
activities at such high level. To our knowledge, this is the
first study to report IGF-I bone and lean mass in female
athletes. Second, the athletes were all of elite caliber; thus,
differences between groups were maximized. Finally, we
evaluated IGF-I as well as bone and muscle mass. Most
studies to date have not included all measures in their
design. This provided the opportunity to examine relation-
ships between these variables and evaluate IGF-I as a po-
tential mediator of muscle-bone interaction.

Several limitations should be noted. First, the sample size
was small and multiple comparisons were used. However,
significance was set at a lower alpha (0.01) and differences
were observed in spite of the small sample. We attribute this
to the very large effect size between groups, particularly
runners and gymnasts. Also, because we measured circulat-
ing rather than tissue IGF-I, we cannot rule out the possi-
bility that other tissues contribute to the sum total of sys-
temic IGF-I or that tissue IGF-I may differ considerably
from the circulatory levels. Finally, the athletic groups in-
cluded women who had irregular menstrual cycles and, in
the running group, who took oral contraceptives. However,
IGF-I, IGFBP-3 and bone and lean mass values for these
subjects did not differ significantly within athletic groups.

The nonmolar ratio of IGF-I/IGFBP-3 has been consid-
ered by some to represent the bioavailability of circulating
IGF-I in relation to its major binding protein, IGFBP-3.
However, IGFBP-3 and ALS (acid labile subunit of 80 kDa)
form a ternary complex with both IGF-I and IGF-II. Be-
cause IGF-II is found in nearly twice the concentration of

IGF-I, it is difficult to define true bioactivity without mea-
suring IGF-II. But it is also clear that even though growth
hormone regulates IGF-I, ALS, and IGFBP-3, in certain
circumstances, IGFBP-3 levels do not rise or fall to the same
extent as IGF-I. For example, in one prospective study of
cancer risk prediction, levels of serum IGF-I but not IG-
FBP-3 were critical (14). Also, Kurlund et al. (20) reported
that serum IGF-I was significantly lower in men with idio-
pathic osteoporosis than controls, but serum IGFBP-3 was
not. Finally, Langlois et al. (21) demonstrated that quartiles
of serum IGF-I (but not IGFBP-3) in elderly women from
the Framingham study was directly related to BMD at
several sites including wrist, spine, and hip. Hence, the
relative ratio of IGF-I-to-IGFBP-3 may provide potentially
useful, albeit indirect, information about tissue activity of
this peptide.

The effect of chronic exercise on IGF-I is unclear, but our
results support that IGF-I is higher in young women who
participate in both muscle building and high-impact exercise
than in endurance athletes and nonathletic controls. Our data
corroborate those of Davee and colleagues (10), who re-
ported higher IGF-I and higher lumbar spine BMD in young
women who participated in muscle building activity com-
pared with those participating in aerobic exercise. Results of
other studies examining IGF-I, exercise, and bone density
provide mixed results (4,17,24). Nelson et al. (24) reported
that endurance-trained postmenopausal women had higher
IGF-I than nonexercising women. Due to the older age and
nonelite status of these women, it is difficult to draw com-
parisons with our results.

Given the strong predictive capability of lean mass for
both BMD and IGF-I in our study, it is speculated that IGF-I
may mediate the relationship between lean and bone mass.
Others have reported associations between lean and bone
mass (1,6,30), but few have reported IGF-I values. Kelly et
al. (17) demonstrated no correlation between muscle
strength and IGF-I in pre- and post-menopausal women, and
Bell et al. (4) reported no effect of muscle building exercise
on IGF-I in men. In both investigations, population samples
differ considerably than those in the current study. Bell studied
men and Kelly included both aging pre- and post-menopausal
women, in which age presents a potential confound. In our

TABLE 5. Stepwise multiple regression of independent predictors of BMD at different sites with significant variables given in order included in analysis; the femoral neck and
whole body were the only sites with two independent predictors in the model.

Site of BMD
Independent

Variable r2
P

Value

Model
Femoral neck Lean/height2

IGF-I/IGFBP-3
Model 0.48 ,0.0001
Trochanter Lean/height2
Model 0.28 0.0008
Lumbar spine Lean/height2
Model 0.26 0.0014
Whole body Lean/height2

Fat
Model 0.42 0.0001
Fneck BMAD IGFI/IGFBP-3
Model 0.19 0.009
Spine BMAD Lean/height2

0.29 0.0007
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study, all subjects were within a stable “bone age”; thus, we
could rule out any effect of aging on our findings.

The independent contribution of IGF-I/IGFBP-3 to fem-
oral neck BMD suggests that IGF-I is more directly related
to bone at the hip than at other sites. Reasons for this
discrepancy are not clear. Kelly and colleagues (17) re-
ported a positive relationship between IGF-I and bone den-
sity at the spine and femoral neck in pre- and post-meno-
pausal women, but the relationship was independent of the
effect of physical fitness at these bone sites. However, the
population sample of Kelly et al. was older, included both
pre- and post-menopausal women and did not target elite
athletes. Similarly, Langlois et al. (21) recently reported that
the highest quartile of serum IGF-I was associated with the
highest BMD in women but not men, and this relationship
was independent of physical activity. Because there is evi-
dencein vitro that IGF-I has a direct effect on bone cells
(7,23), it is possible that the impact nature of gymnastics
which results in high mechanical loading at the hip directly
stimulates local production of IGF-I at this site. However,
serum measurements, as we performed, do not necessarily
reflect local tissue production of IGF-I.

We did not observe a difference in IGFBP-3 between
groups nor significant associations between this binding
protein and bone or lean mass. Similarly, Kurlund et al. (20)
noted that men with idiopathic osteoporosis had low levels
of serum IGF-I but not IGFBP-3. Johannsson et al. (15)
reported that IGFBP-3 was a major determinant of BMD in
healthy men aged 25–59 yr. However, given the difference
in gender, age and physical activity patterns, it is not sur-
prising that our results did not corroborate those of Johan-
sson and colleagues. Our results do not support a role for
IGFBP-3 in the muscle-bone interaction in athletes.

In this group of women, lower BMD in runners appears
to be due in part to lower levels of total IGF-I and IGF-I
bioavailability. The greater lean mass per unit of body
surface area in the gymnasts may be a primary factor in the
IGF-I differences observed between groups. These results
support those of Balagopal et al. (3), who demonstrated that
synthesis of myosin heavy chain is correlated with IGF-I in
humans. A consistent relationship between body composi-
tion and IGF-I has been reported in young individuals and
patients with chronic heart failure but has recently been
questioned in older, healthy adults (19,25). Whether or not
the lack of relationship between IGF-I and lean mass in
older individuals reflects a down-regulation of growth hor-
mone is unclear. However, in the current study of young,
healthy women, we report a robust relationship between
lean and IGF-I and no association between IGF-I and fat
mass.

The ratio of IGF-I-to-IGFBP-3 was higher in gymnasts
versus runners even when BMD was adjusted for bone size
using the calculations of apparent density (8) (BMAD5
gzcm23). Furthermore, the predictor variables (lean and
IGF-I/IGFBP-3) were the same as for BMD, but, at the hip,
the predictive capability was not as strong. Bachrach et al.
(2) reported that adults with growth hormone receptor de-
ficiency had lower IGF-I and areal bone density (BMD,

gzcm22) than normal adults, but BMAD values (confirmed
by histomorphometry) were not different between groups.
Thus, the authors questioned the contribution of IGF-I in the
maintenance and acquisition of bone mineral because volu-
metric bone density in adults with Laron syndrome was
preserved despite low IGF-I. Our results appear to contra-
dict those of Bachrach et al. (2), but it is important to clarify
that our study population did not have a receptor deficiency;
thus, it is not possible to make direct comparisons in results.

Estrogen has been reported to be a primary regulator of
IGF-I. During growth, estrogen increases IGF-I levels
whereas, at menopause, oral estrogen replacement therapy
decreases IGF-I (11,18,33). The athletes with current oligo-
and amenorrhea had been irregular for 2–3 yr; thus, their
IGF-I levels should represent stable values. Although some
studies have shown a growth hormone pulse at ovulation in
resting women, others have reported no differences between
mid-cycle and menstruation. However, growth hormone has
been shown to increase during intense aerobic exercise and
to be higher in women with higher circulating levels of total
estrogens (endogenous plus exogenous) (5). Because estro-
gen levels were not measured, we do not know whether or
not estrogen levels were lower in the eumenorrheic runners
and whether or not this could have contributed to lower
IGF-I levels in this group. However, runners on birth control
had similar IGF-I and IGF-I/IGFBP-3 levels compared with
runners who were oligo- and amenorrheic, suggesting in-
creased estrogen did not contribute to differences in IGF-I.
The one amenorrheic runner had an IGF-I value of 329
ngzmL21 and ratio of 0.049. We did not observe a suppres-
sion of IGF-I in runners on oral contraceptives as has been
reported in postmenopausal women on estrogen replace-
ment therapy (26). Furthermore, the oligomenorrheic gym-
nasts exhibited IGF-I values similar to the eumenorrheic
gymnasts. Thus, we do not attribute differences in the IGF-I
variables to estrogen status.

Nutrition is a primary regulator of the insulin-like growth
factors, and concentrations of IGF-I have been reported to
be lower during caloric restriction or protein deprivation
(9,12,29,32). In this study, we do not believe that differ-
ences in IGF-I and IGF-I/IGFBP-3 dietary in origin because
caloric intake was similar between groups. Although the
energy expenditure of the athletes was likely much higher
than controls, it is unlikely that diet was a major contributor
to the higher IGF-I observed between gymnasts and runners
since dietary intake was not different between these two
groups of athletes and protein was adequate for both groups.
Furthermore, dietary restriction could not explain the higher
IGF-I bioavailability observed in gymnasts compared with
controls. Whether or not the runners were calorically de-
prived is unclear from our data. Further research to inves-
tigate the potential role of caloric restriction and low IGF-I
in runners is warranted.

Although we cannot draw cause and effect conclusions
from this study, results imply that IGF-I may mediate the
relationship between bone and lean mass at the femoral
neck in athletes and that IGF-I, independent of lean mass,
predicts higher femoral neck bone mass. Given these results,
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building lean mass and participating in impact activities of
high-intensity during the postpubertal years may contribute
to the attainment of higher peak bone mass late in develop-
ment and thus provide an important strategy in prevention of
osteoporosis.
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