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INTRODUCTION
Ultra-endurance competition is defined as any event that exceeds  
6 hours in duration [31], but can range from 50 km road races to 
multi-day events covering thousands of kilometers over varying ter-
rain. Numerous studies have documented the physiological stress of 
ultra-endurance activity, either in the form of competition or military 
exercises, and it has been associated with a significant endocrine 
response [1,15,23]. However, the majority of studies have focused 
on young males and women are underrepresented in the literature, 
despite the fact that increasing numbers of women are participating 
in these long-duration events.

Ultra-marathons were once thought to be reserved for elite or 
“extreme” athletes, but now these events attract recreational athletes 
of all ages. In most cases the combination of long distance, rough 
terrain, and elevation changes results in a lower pace than a con-
ventional footrace and significant portions of the race may be covered 
by walking as opposed to running, particularly among recreational 
athletes. Furthermore, food and water are typically freely available. 
Taken together, these factors may suggest that the physiological stress 
of these events is minimal for non-competitive athletes. One goal of 
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this study was to document the endocrine response to an ultra-
marathon among recreational female participants.  

The insulin-like growth factor I (IGF-I) system can provide an 
indication of physiological strain, negative energy balance, and 
fatigue [6,20,23]. IGF-I is a polypeptide that plays a critical role 
in the growth and development of many tissues and is associated 
with numerous health and exercise outcomes [26]. The actions of 
IGF-I are mediated by a family of IGF binding proteins that regulate 
the bioavailability of IGF-I in circulation. A negative energy balance, 
either from prolonged exercise, caloric restriction, or both, results 
in lower bioavailable IGF-I [8,20]. While this may be an adaptive 
response that diverts substrate from growth processes to acute 
energy demands [8], the importance of the IGF system for muscu-
loskeletal integrity among women should also be considered [24]. 
The bioavailability of IGF-I is influenced by female sex steroids [9,30] 
and given this, one might expect to find different results in post-
menopausal women with low circulating estrogen, yet to our knowl-
edge no studies have examined the hormonal response to ultra-
endurance exercise specifically in postmenopausal women. Thus, 

Original Paper Biol. Sport 2014;31:125-131DOI: 10.5604/20831862.1097480



126

Copeland J.L. & Verzosa M.L.S.

the second objective of this study was to compare circulating con-
centrations of estradiol and components of the IGF-I system between 
pre- and post-menopausal women before and after completing an 
ultra-marathon.

MATERIALS AND METHODS 
Participants. Twenty-six women (7 postmenopausal) who were 
registered to compete in an ultra-marathon volunteered for this 
study. Complete data were collected from 25 women, and follow-
ing the race pairs of pre- and post-menopausal women were 
matched based on race finish times to control for differences in 
performance and exercise intensity. Ultimately the matching process 
yielded six pairs of women and so the final sample size was 12. 
Menopause was defined as an absence of menses for at least 12 
months. Although it was not possible to control for phase of men-
strual cycle, all the premenopausal women were in the follicular 
phase of their cycle (day 1 to 13), based on self-reported men-
strual cycles. All participants were screened for contraindications 
and exclusion criteria included: use of HRT or hormone contracep-
tives, amenorrhea, or any injuries or medical conditions that would 
prohibit normal training or active participation in the testing pro-
tocols. The procedures were reviewed and approved by the Insti-
tutional Human Subject Research Committee and met the ethical 
standards of the Helsinki Declaration. All participants gave written 
informed consent. 

Procedures
This was a field-based observational study conducted using a real 
ultra-marathon competition. The event was an off-road race over 
primarily single-track dirt paths with 1300 metres of elevation change 
over 1 lap of the course (~50km). The race has 3 possible dis-
tances: 50km, 100km, and 100 mile, which require 1, 2 or 3 laps 
respectively. Four pairs of women completed 100km and 2 pairs 
completed 50km. The event has a maximum time limit of 35 hours, 
with a 100 km median finishing time of approximately 19 hours for 
men and 22 hours for women and a 50km median finishing time of 
8 hours for men and 9.5 hours for women. There are 5 aid stations 
over the course and participants consumed food and drink ad libitum. 
The average daytime temperature on race day was 20.6°C with  
a high of 27.5°C and no precipitation.

At least one week prior to the event each participant was assessed 
for cardiorespiratory fitness and relative body fat. The day prior to 
the event a resting blood sample was drawn and in order to minimize 
the effects of circadian changes in hormones, the time of the sampling 
was adjusted to approximate each participant’s anticipated finish 
times the next day. Participants were advised to avoid strenuous 
exercise for 24 hours, food for 3 hours, and caffeine for 4 hours, 
prior to the pre-race blood draw. A second blood sample was drawn 
at the finish line, and a third sample was drawn approximately  
24 hours after the event, as close as possible to the same time of 
day as the previous samples.  

Determination of Cardiorespiratory Fitness and Anthropometric Mea-

surements 

Anthropometric measures included height and weight, and relative 
fat was determined using the Jackson-Pollock 7 -site skinfold proto-
col [12]. Peak oxygen uptake was determined using a graded exercise 
test on a treadmill. The speed remained constant throughout the test 
while the grade was increased 2% every 2 minutes until volitional 
fatigue. Oxygen consumption was measured using the Vista Mini 
CPX open-circuit spirometry system and the TurboFit version 5.09 
software (VacuMed, Ventura, CA). 

Blood Samples

Blood samples were drawn from an antecubital arm vein using stan-
dard venipuncture procedures. Pre-race and 24 hour recovery sam-
ples were collected in the lab and post-race samples were collected 
at a medical station at the finish line within 15 minutes of finishing 
the race. All blood samples were analysed for hematocrit and then 
allowed to clot on ice for one hour before centrifugation. Aliquots of 
serum were stored at -80°C until assayed. 

Endocrine measurements 
Blood samples were analysed for estradiol and for circulating com-
ponents of the IGF-I system including total IGF-I, IGFBP-1 and 
IGFBP-3. It has been suggested that what are often explained as 
exercise-induced increases in IGFBP-3 are actually increases in 
IGFBP-3 fragments that result from proteolysis [1,27]. To address 
this issue, we measured intact or functional IGFBP-3 using a ligand-
binding immunoassay. The assay uses biotinylated IGF-I as the ligand 
which will bind to intact IGFBP-3 in diluted samples. By utilizing  
a strepavidin-peroxidase conjugate, only complexes of IGFBP-3/bio-
tinylated IGF-I are involved in signal generation and only functional 
IGFBP-3 is measured. An assay based on similar principles has been 
shown to provide an accurate assessment of intact IGFBP-3 among 
a variety of patient populations and controls [16].  

Samples were analysed using ELISA for: estradiol (DIAsource; 
Nivelles, Belgium) total insulin-like growth factor I (DIAsource;Nivelles, 
Belgium), bioactive IGFBP-3 (Mediagnost, Reutlingen, Germany), 
and IGFBP-1 (ALPCO Diagnostics;Salem, USA). Assay sensitivities 
were: 5 pg∙ml-1 for estradiol, 1.1 ng∙ml-1 for IGF- I, 0.18 ng∙ml-1 for 
bioactive IGFBP-3, and 0.5 μg∙L-1 for IGFBP-1. Samples were ana-
lysed in duplicate and all samples from a given subject were assayed 
in the same run to minimize the effects of inter-assay variation. 
Average intra-assay variation was: 4.9% for estradiol, 2.8% for IGF- I, 
6.5% for IGFBP-3 and 8.0% for IGFBP-1.

Statistical Analysis
Examination of skewness, kurtosis, and histograms of all measures 
demonstrated that the concentrations of estradiol and IGFBP-1 vio-
lated the assumption of a normal distribution. Subsequently, the 
estradiol and IGFBP-1 were transformed to meet the assumptions 
of the analysis using square root and log transformations, respec-
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FIG. 1. SERUM ESTRADIOL CONCENTRATIONS BEFORE, AFTER, AND 
24 HOURS AFTER AN ULTRA-MARATHON IN PRE- AND POST-
MENOPAUSAL WOMEN. 
Note:Data are expressed as means ± SEM.  Black bars and pre-race values, 
dark grey bars are immediately post-race values and light grey bars are 24 hour 
recovery values. † significantly different than pre-race value in post-menopausal 
women (P<0.05). * significantly different than pre-race value (P<0.05).

tively. The transformed values were used for analysis, however un-
transformed data are presented in tables and figures. Differences in 
baseline hormone concentrations between groups were examined 
using independent sample t-tests and repeated measures ANOVA 
was used to determine if there were differences in hormone and 
binding protein concentrations across time and between groups. 
Spearman’s Rho correlations were used to examine relationships 
among hormone concentrations. Molar volume ratios of IGF-I to 
IGFBP-3 were also compared across time and between groups. The 
molar volume ratios were calculated according to the procedure 
outlined by Nindl et al. [22]. The molecular masses used were 7.5kDa 
for IGF-I and 40kDa for IGFBP-3 [19], and the sample volumes used 
were 25μL and 10μL respectively. All statistical analyses were per-
formed using SPSS version 15 software and statistical significance 
was set at p<0.05. 

RESULTS 
Participants. Participant characteristics are shown in Table 1. The 
participants were healthy recreational runners with a range of expe-
rience in long-distance running. Three participants were running their 
first ultra and the others had completed anywhere from 2 to 7 previ-
ous events. The self-reported maximum weekly training distance 
reached during preparation for the race ranged among participants 
between 30 and 100 kilometers, with an average of approximately 
50 km. Finish times ranged from 140 to 172% of the winning time 
in each event. There were no significant differences between the two 
groups in relative body fat, cardiorespiratory fitness, or race finish 
times.

Changes in Plasma Volume
We assessed changes in hematocrit and calculated relative change 
in plasma volume according to the procedures of Van Beaumont  29]. 
Hematocrit decreased significantly across time in both groups (P<0.05) 

and 10 of the 12 participants had a decrease in hematocrit from the 
pre-race to finish line samples. Average hematocrit values for pre-
menopausal women were 39.7±2.9, 37.2±4.2, and 33.9±2.1 for 
pre-race, post-race, and recovery samples, respectively. For post-
menopausal women hematocrit values were 39.5±2.9, 36.3±7.0, 
and 35.3±7.1. The average change in plasma volume from pre-race 
to post-race was 12.5 ± 17% for premenopausal women and 
18.0±25.4% for postmenopausal women. There was no significant 
difference in hematocrit between groups. 

Changes in Hormone and Binding Protein Concentrations
Hormone concentrations were corrected for changes in plasma vol-
ume  [29] and both corrected and uncorrected values were analysed. 
The relative changes in hormone concentrations are provided for both 

TABLE 1. PARTICIPANT CHARACTERISTICS. MEAN ± SD (RANGE)

Pre-menopausal 
(N=6)

Post-menopausal 
(N=6)

Age (years) 37.0 ± 5.4 57.2 ± 3.8

(30-44) (53-62)

BMI (kg∙m-2) 23.6±3.1 23.8± 2.3

(20.4-25.5) (20.7-26.7)

Fat (%) 26.0±6.5 25.4 ± 5.5

(16.7-33.4) (19.4-33.8)

VO2peak 55.1 ± 5.0 (N=4) 51.0±2.6 (N=4)

(ml∙kg-1∙min-1) (48.5-60.1) (48.8-54.7)

Race finish time (hours) 19.2± 7.7 20.8±8.4

(9.1-26.5) (9.5-26.7)

Average pace (km∙h-1) 4.57 ± .67 4.21 ± .64

(3.8-5.5) (3.7-5.3)

FIG. 2. INDIVIDUAL PARTICIPANT CHANGES IN CIRCULATING ESTRADIOL 
BEFORE, AFTER, AND 24 HOURS AFTER AN ULTRA-MARATHON. 
Note: Broken lines are pre-menopausal women and solid lines are post-
menopausal women.
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corrected and uncorrected values, however all statistical analyses 
and graphs presented used uncorrected data, as it is the concentra-
tion of hormone the target tissues are exposed to that is likely most 
relevant.  Analysis with corrected or uncorrected data did not change 
which main effects were significant at P<0.05.

Before the race, estradiol was significantly higher in the pre-
menopausal women (P<0.05). Estradiol increased, on average, 97% 
(139% with plasma volume correction) from pre-race to post-race 
(P<0.05) (Figure 1), with 10 of the 12 participants having a great-

er than 10% increase and 9 of 12 having a greater than 50% in-
crease (Figure 2). 24-hour recovery estradiol was not significantly 
different than pre-race or post-race samples. There was no significant 
group effect, however, there was a trend towards a significant group 
by time interaction (P=0.09). 

Figure 3 shows the pre- and post-race concentrations of IGF-I, 
IGFBP-3, and IGFBP-1 in both groups. Circulating IGF-I decreased 
by 21% (-9.9% with plasma volume correction) after the race com-
pared to pre-race values (P<0.01) and remained significantly lower 
than pre-race concentrations after 24 hours of recovery (P<0.05). 
There was no difference in IGF-I between groups, although there was 
a significant correlation between pre-race concentrations of estra-
diol and IGF-I (ρ=0.685, P<0.05) and a negative correlation between 
estradiol and IGFBP-1 (ρ= -0.678, P<0.05). Circulating concentra-
tions of IGFBP-1 increased substantially (~700%;650% with plas-
ma volume correction) after the race in both groups (P<0.001) but 
had returned to pre-race levels after 24 hours of recovery. Before the 
race, intact IGFBP-3 was significantly higher in the pre-menopausal 
group compared to the post-menopausal group (Figure 3, P<0.05). 
IGFBP-3 was significantly lower after the race in both groups 
(P<0.001), with an average decrease of 48% (41% with plasma 
volume correction) and concentrations remained lower than pre-race 
concentrations after 24 hours of recovery (P<0.001).  
The molar volume ratio of IGF-I to intact IGFBP-3 was significantly 
greater immediately after the race and 24 hours after the race com-
pared to the pre-race ratio (P<0.01), with no difference between 
groups (Figure 4). The group x time interaction was not statistically 
significant for any component of the IGF system.

DISCUSSION 
Ultra-endurance exercise is associated with large energy demands 
[17,31]. While evidently “extreme” events, they increasingly attract 

FIG. 3. SERUM IGF-I (PANEL A), IGFBP-1 (PANEL B) AND INTACT IGFBP-3 
(PANEL C) CONCENTRATIONS BEFORE, AFTER, AND 24 HOURS AFTER 
AN ULTRA-MARATHON IN PRE- AND POST-MENOPAUSAL WOMEN. 
Note:Data are expressed as means ± SEM. Black bars and pre-race values, 
dark grey bars are immediately post-race values and light grey bars are 24 
hour recovery values.
* Significantly greater than post-race (P<0.01) and recovery (P<0.05)
† Significantly greater than pre-race and 24 hour recovery (P<0.001)
†† Significantly greater than post-race and 24 hour recovery (P<0.01).	
& Significantly lower than corresponding value in pre-menopausal women 
(P<0.05)  

FIG. 4. MOLAR VOLUME RATIONS OF IGF-I TO INTACT IGFBP-3 BEFORE, 
AFTER, AND 24 HOURS AFTER AN ULTRA-MARATHON IN PRE- AND 
POST-MENOPAUSAL WOMEN. 
Note:Data are expressed as means ± SEM. Black bars and pre-race values, 
dark grey bars are immediately post-race values and light grey bars are 24 
hour recovery values. 
* Significantly lower than post-race and 24 hour recovery values (P<0.01). 
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runners of all ages and competitive levels.  This is the first study 
to explore the hormonal response to ultra-endurance exercise among 
both pre- and post-menopausal women. The main findings of the 
study were 1) circulating components of the IGF-I system changed 
significantly following the race in a pattern consistent with previous 
studies of elite athletes and male military personnel 2) estradiol 
was dramatically increased after the race even among postmeno-
pausal women and 3) there were no significant differences in the 
IGF-I response between women with differing menstrual status and 
estrogen at baseline.

This is the first study to examine the response of estradiol among 
postmenopausal women during ultra-endurance exercise. Both groups 
showed a significant increase in estradiol immediately following the 
race with a mean increase of 97%. The relative increase from base-
line was greater among postmenopusal women and as a result, there 
was no significant difference between groups in the post-race estra-
diol concentrations, despite postmenopausal women having signifi-
cantly lower levels at baseline. 

Previous studies have shown an increase in estradiol in women 
following prolonged running  [2]. Copeland et al. [3] found increased 
estradiol after both endurance and resistance exercise in women 
across a wide age range and Kemmler et al. [14] reported an increase 
in estradiol among postmenopausal women after 60 minutes of 
exercise. However, all of these studies employed an exercise stimu-
lus that was significantly shorter than the present study.  In contrast, 
Berg et al. [1] found a decrease in estradiol among premenopausal 
women after ultra-endurance exercise, such that levels were unde-
tectable after a 6 day adventure race. Thus, the large increase we 
observed among women in response to an ultra-marathon is unique 
–particularly among postmenopausal women. It is interesting to note 
that several studies have shown similarly large increases in estra-
diol among males following prolonged exercise [7,18] . Taken to-
gether with the present findings, it appears that individuals with low 
circulating estradiol at baseline may demonstrate the greatest in-
creases in response to prolonged exercise. This is supported by Bonen 
and Keizer [2] who observed the greatest increase in estradiol fol-
lowing a marathon in an amenorrheic female subject.

The mechanism of increased estradiol is not known. Changes in 
plasma volume could play a role, although the majority of participants 
displayed a hemodilution at the end of the race, which should de-
crease the total concentration. Decreased splanchnic blood flow 
during exercise is known to decrease the metabolic clearance of 
steroids [13], however, in the present study postmenopausal wom-
en had low levels of estradiol prior to the race so it is unlikely that a 
diminished clearance can fully explain the large increases we ob-
served.  Increases among individuals with low baseline levels of 
estradiol, such as postmenopausal women or men [7,18], suggest 
an increased secretion of steroids, however, the source may differ 
between pre- and post-menopausal women. Changes in estrogen 
and testosterone in response to exercise have been shown to occur 
independently of changes in gonadotropins and it has been sug-

gested that sympathetic stimulation of the adrenal glands is the 
primary source of exercise-induced increases in sex steroids [2]. 

The implications of the elevated concentrations of estradiol are 
unclear. Decreased estrogen after menopause is associated with 
metabolic dysfunction that leads to numerous pathological changes 
including central obesity and insulin resistance [28].  Thus, increased 
estrogen could be beneficial and in the present study postmeno-
pausal women still had estradiol concentrations in the pre-meno-
pausal range 24 hours after the race. Further study of the possible 
health implications is warranted. 

Estrogen may also impact performance in long duration events, 
as a number of studies have shown that estradiol can enhance fat 
oxidation and consequently diminish hepatic glycogen use [11].  
This effect is believed to explain gender differences in fuel oxidation, 
with women utilizing fat to a greater extent than men during endur-
ance exercise [10].  Greater fat oxidation could improve performance 
during prolonged endurance exercise, and the increased estradiol 
observed in the present study may be beneficial. Unfortunately the 
timing of the samples does not allow us to determine at what point 
during the race estradiol concentrations began to increase. Further 
research is needed to confirm the effects of prolonged exercise on 
estrogen concentrations among hypoestrogenic individuals and the 
associated effects on health or performance.  

The IGF system typically responds positively to short duration 
exercise with transient increases in circulating IGF-I, IGFBP-3, and 
IGFBP-1 [4,25]. However, prolonged exercise and a negative energy 
balance appear to have the opposite effect, resulting in lower levels 
of bioavailable IGF-I [8,20].  The present results confirm these find-
ings and demonstrate that a prolonged trail race, even at a low to 
moderate pace among recreational runners, is associated with dimin-
ished IGF-I, diminished functional IGFBP-3, and increased IGFBP-1 
in female runners. It is interesting that the changes in IGF-I did not 
differ between pre-and post-menopausal women, despite evidence 
that sex-steroids can influence the IGF system [9,30]. The lack of 
group difference in IGF-I or related binding proteins after prolonged 
exercise may be explained by the fact that estradiol increased in 
postmenopausal women after the race and reached pre-menopausal 
concentrations. Waters et al. [30] found that amenorrheic women 
had the same exercise-induced changes in GH or IGFBP-1with or 
without estrogen replacement, thus it is possible that the relationship 
between estrogen and the GH/IGF-I axis is uncoupled during exercise.

Circulating total IGF-I decreased an average of 21% after the race 
and after 24 hours of recovery remained 11% lower than baseline 
with no difference between pre-menopausal or postmenopausal run-
ners. This is consistent with the 15% decrease in total IGF-I observed 
after a 60 km Nordic ski race in young men [21]. The IGF-I system 
is believed to provide an important measure of the metabolic strain 
that results from high levels of physical activity combined with restric-
tion of energy and sleep [23,26]. While elevated IGF-I may be ben-
eficial from the perspective of tissue growth [25], during prolonged 
endurance exercise lower levels of bioavailable IGF-I may be advan-
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IGF-I is also regulated by IGFBP-1, which plays an important role 
in glucose homeostasis and is inversely proportional to insulin con-
centrations. It is thought to inhibit IGF-I actions by sequestering free 
IGF-I [19]. IGFBP-1 consistently increases in response to prolonged 
exercise and Nindl et al. [25] determined that IGFBP-1 is the com-
ponent of the IGF system most sensitive to physiological strain.  
In the present study we observed an 8-fold increase in circulating 
IGFBP-1 after prolonged exercise in women. This effect was transient 
and IGFBP-1 levels had returned to baseline levels after 24 hours of 
recovery.

This study has several limitations which should be noted. The study 
was a field-based observational study and thus there was no control 
over exercise intensity, or food and water intake. To address the issue 
of intensity we matched pairs of women for race finish time and as-
sumed they completed the event at a similar pace, however, it is 
possible that there were variations in pace and breaks at aid stations 
that contributed to overall finish time and as such average pace could 
only be estimated. It is also likely that as a result of differences in 
intake and output the overall energy balance varied among the par-
ticipants. If we assume the IGF system provides a marker of fatigue 
and energy balance then the similar responses we observed among 
pre- and post-menopausal women suggest that energy balance between 
groups was also similar. Finally it is important to note that 2 of the 
matched pairs completed a shorter distance race than 4 pairs. Although 
this is a limitation in the study, the matching of the pairs of pre- and 
post-menopausal women completing each distance allowed us to 
examine the overall effect of prolonged trail running in both groups, 
thus demonstrating the endocrine response to ultra-endurance exercise 
in a population that is underrepresented in the literature.

CONCLUSIONS 
Prolonged endurance events are increasing in popularity among 
recreational athletes of all ages.  In some cases with non-compet-
itive athletes the race may be completed at a relatively slow pace, 
which perhaps suggests there is less physiological impact. Despite 
this, the observed changes in circulating components of the IGF 
system in the present study were consistent with previous studies 
of elite athletes completing an adventure race [1] and young males 
completing prolonged military field exercises [23]. The IGF-I system 
provides a marker of general condition and energy balance, thus, 
the present results suggest that among women athletes ultra-en-
durance competition is associated with significant perturbation to 
physiological systems. Further research is needed to determine the 
health and performance effects of these endocrine changes.

tageous as the insulin-like activity of IGF-I could hinder lipid mobi-
lization and have a hypoglycemic effect. Thus, lower levels of IGF-I 
may represent an adaptive response to the caloric deficit of intense, 
prolonged exercise [8].

It is also important to consider the IGF-I binding proteins as they 
affect IGF-I bioavailability. The majority (~75%) of IGF-I circulates 
bound in a ternary complex with IGFBP-3 and an acid-labile subunit, 
and this complex cannot cross the capillary endothelium, thus pro-
viding circulating reservoir of IGF-I and prolonging its half-life [19]. 
Studies of the effects of exercise on IGFBP-3 have produced mixed 
results [5,27], with conclusions hampered by the fact that many 
immunoassays designed to measure IGFBP-3 also detect fragments 
of BP-3 that result from proteolysis. There is always some degree of 
IGFBP-3 proteolysis in circulation, however, it is markedly increased 
in catabolic states such as severe illness, surgery, late pregnancy and 
possibly intense exercise [16]. Proteolysis may generate IGFBP-3 
fragments of 30, 20 and 15 kDa, and these fragments have limited 
ability to bind and sequester IGF-I. Thus, proteolysis could result in 
increased IGF-I bioavailability. To address this issue, we measured 
intact or functional IGFBP-3 using a ligand-binding immunoassay. 
We observed a 50% decrease in intact IGFBP-3 following the race, 
which suggests the race was associated with increased proteolysis.  
Berg et al. [1] found a 26% increase in IGFBP-3 proteolysis after 
ultra-endurance running and our results suggest that 9 to 26 hours 
of trail running may also increase IGFBP-3 proteolysis.

Gravholt et al. [9] found IGFBP-3 proteolysis was greater in 
women with Turner syndrome who have hypoestrogenism and in the 
present study we found the pre-race concentrations of IGFBP-3 were 
significantly lower in postmenopausal compared to premenopausal 
women.  Gravholt et al. [9] reported that that treating Turner syndrome 
patients with sex steroids normalized the proteolysis, so it is possible 
that the similar estradiol levels that were achieved over the course 
of the race may explain the similar concentrations of intact IGFBP-3 
in both groups of women after the race. 

Although both IGF-I and IGFBP-3 decreased, the decrease in BP-3 
was greater so the molar ratio of total IGF-I to bioactive IGFBP-3 in-
creased from pre- to post-race and remained significantly elevated in 
recovery. If the ratio of total IGF-I to IGFBP-3 is a biomarker of IGF-I 
bioavailability as suggested by Nindl et al. [22], then IGF-I actions 
would have been increased in the present study. Berg et al. [1] sug-
gested that increased IGF-I bioavailability may be important for pro-
tecting against lean tissue loss during prolonged exercise. A combina-
tion of increased estradiol and bioavailable IGF-I could have positive 
effects on musculoskeletal integrity among postmenopausal women. 
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