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Abstract The effect of a single bout of exercise on hormones affecting bone metabolism was studied in 25 early
postmenopausal women with osteopenia. The complex
training session was performed between 8:00 a.m. and
9:05 a.m. Serum concentrations of dehydroepiandrosterone-sulfate (DHEA-S), total testosterone, free testosterone, 17b-estradiol, cortisol, human growth
hormone (hGH), insulin-like growth factor-I (IGF-I),
and insulin-like growth factor binding protein-3 (IGFBP-3) were determined. Blood samples were obtained
immediately before (baseline) and after exercise, as well
as 2 h and 22 h post-exercise. DHEA-S increased by
10% immediately after exercise and remained increased
2 h later. Testosterone showed no increase immediately
after exercise but fell by 21% 2 h post-exercise. Free
testosterone was increased by almost 20% immediately
after exercise and returned to baseline levels after 2 h.
Two hours post-exercise a 20% increase in the estradiol
level was measured. Cortisol decreased by 36% during
exercise and a further 14% during the next 2 h, a loss
higher than the normal diurnal decrease. hGH increased
by 80% during exercise and fell 30% under baseline
values after 2 h. Even though the assessment period was
prolonged to 22 h no significant change could be demonstrated for IGF-I. Serum IGFBP-3 showed a biphasic
increase. During the exercise session IGFBP-3 increased
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by 35%, returned to baseline values 2 h post-exercise
and increased again by 40% 22 h post-exercise. In
summary, this study showed that a single bout of exercise typically used in osteoporosis prevention programs
could have an influence on hormones affecting bone
metabolism.
Keywords Exercise Æ Osteoporosis Æ Short-term
hormonal response Æ Early postmenopausal women

Introduction
Many exercise studies show beneficial effects on bone
mineral density (BMD) in pre- and postmenopausal
women (Wallace and Cumming 2000; Wolff et al. 1999).
However, the exact interaction mechanisms between
exercise and bone are still unknown. While a strong effect can certainly be attributed to mechanical stimuli, the
influence of exercise on the endocrine system is unclear.
In younger subjects acute exercise is reported to change
concentrations of hormones interacting with bone
metabolism and calcium homeostasis (Hakkinen et al.
1998, 2000; Kraemer 1998; Kraemer et al. 1993). In
contrast, there is also some evidence that endocrine
factors change the exercise responsiveness of bone (Frost
1992).
However, most exercise programs that focus on bone
loss are carried out in (early) postmenopausal women.
For this population, information about exercise-induced
changes of the endocrine system is rather sparse. With
increasing age the responsiveness of the neuroendocrine
system decreases. This functional decline includes a reduced ability to produce and release hormones, a reduced sensitivity of the endocrine glands, an altered
receptor number, density, and affinity, and diminished
receptor sensitivity (Mazzeo 2000). Furthermore, an
exercise regimen designed to prevent bone loss may
pursue other strategies than a regimen intended to induce hormonal alterations, although under physiological conditions, both bone and endocrine systems
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demand at least moderate to high-intensity exercise to
provoke positive alterations (Cullen et al. 2001; Kraemer
1998). It is our hypothesis that even in early postmenopausal women an exercise regime designed to impact
bone will also have a significant effect on hormones
known to interact with bone metabolism and calcium
homeostasis.
In this study we investigated hormonal changes after
a single training session in participants of the EFOPS
study (Erlangen Fitness Osteoporosis Prevention Study),
a 3-year longitudinal intense exercise trial focusing primarily on bone density and physical fitness (Kemmler
et al. 2002). We measured the effect of a characteristic
training session on hormones known to directly affect
bone metabolism. In this article we focus on sex hormones (estradiol, testosterone, free testosterone) cortisol, and the human growth hormone (hGH)–insulin-like
growth factor-I (IGF-I) axis including insulin-like
growth factor binding protein-3 (IGFBP-3).
Preliminary data of this study have been presented at
the 23rd Annual Meeting of the American Society for
Bone and Mineral (2001), Phoenix, Ariz.

Subjects
Twenty-five women with an exercise history of 18–24 months
within the EFOPS study were randomly selected from the training
group to participate in the investigation. Women were only included in the randomization process if their average training
compliance was equal to or higher than two out of four exercise
sessions per week during the EFOPS intervention period.
Anthropometrical data and relevant parameters of the 25 women
selected are shown in Table 1. The exact test protocols including
BMD measurements (DXA, Hologic QDR 4500a, Bedford, Mass.)
have been described elsewhere (Kemmler 2003).

Exercise protocol
For this study a typical EFOPS training session was used. It lasted
65 min and was divided into three segments: warm-up and endurance, jumping, and strength training. Groups of between seven and
nine participants were measured during their regular exercise days
and hours to ensure normal training habits.

Warm up/endurance sequence

Methods
The study was approved by the ethical committee of the University
of Erlangen (Ethik-Antrag No. 2277). All study participants gave
written informed consent.

Erlangen Fitness Osteoporosis Prevention Study
EFOPS is a 3-year controlled intervention study (physical exercise:
two joint sessions, two home sessions) of 137 early postmenopausal
women (1–8 years) with osteopenia at the lumbar spine or the hip
as measured by dual-energy X-ray absorptiometry (DXA) (WHO
definition: )1>DXA T-score<)2.5 SD). The training group
consists of 86 and the control group of 51 women. Exclusion criteria were medication or diseases affecting bone metabolism
(including hormone replacement therapy, HRT), secondary osteoporosis, known osteoporotic fractures, chronic inflammatory
diseases, history of cardiovascular disease, load <75 W at

Table 1 Anthropometrical data
of the 25 subjects participating
in this study. LBM Lean body
mass;DXA dual-energy X-ray
absorptiometry; BMD bone
mineral density

ergometry, and athletic history during the last two decades before
onset of the study. Further information of recruiting modalities,
and exercise design are published elsewhere (Kemmler et al. 2002).

After 5 min of initial running, 15 min of low (5 min) and high
(10 min) impact aerobic training were carried out. Three minutes
after the initial running phase, heart rates exceeded 70% of the
maximum heart rate [HRmax 60% maximum rate of oxygen
consumption (V_ O2max)] and remained at 75–85% (67–79%
V_O2max) for the rest of this sequence. Peak ground reaction forces
were 1,224 (150) N for running and 1,445 (232) N for selected highimpact aerobic movements.
Exercise intensity was controlled using HR measured by
watches (Polar, Finland). HRmax had been assessed in a separate
EFOPS session using a stepwise treadmill test up to voluntary
maximum. Intensity had been increased by steps of 1 km h)1 every
3 min beginning with 6 km h)1 (0 slope). Subjects with a HR
below 155 beats min)1 had been excluded because of poor test
compliance. The treadmill test had included the measurement of
aerobic capacity (breath by breath) using a Zan 600 open spirometric system (ZAN, Oberthulba, Germany) to estimate the exact
HR–V_ O2max relationship. Ground reaction forces of typical

Mean (SD)
Age (years)
Height (cm)
Body mass (kg)
Body fat (%)
LBM (kg)
Age at menarche (years)
Age at menopause (years)
Years since menopause (years)
Irregular menstrual cycle for more than 1 year during lifetime (%)
Energy intake (kJ day)1)
Protein intake (g day)1)
Calcium intake (mg day)1)
Phosphorus intake (mg day)1)
Vitamin D intake (lg day)1)
Compliance (sessions per week)
DXA–BMD lumbar spine (g cm)2)
DXA–BMD total hip (g cm)2)

56.4 (2.6)
166 (7)
68.3 (9.6)
35.7 (5.7)
43.5 (3.6)
13.4 (1.5)
50.7 (3.2)
5.1 (1.8)
16
8,833 (1,931)
74.8 (15.4)
1,145 (397)
1,340 (303)
5.3 (4.3)
2.6 (0.3)
0.880 (0.102)
0.887 (0.67)
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movements had also been determined using force plates (Erbe
Medizintechnik, Tübingen, Germany) during a separate EFOPS
session 6 weeks before the present investigation.

Jumping sequence
Four different sets with 15 jumps (closed leg jump, jumping jack,
diagonal jumps, and lateral jumps) with 60 s rest between the sets
were performed during the jumping sequence. HRmax peaked at
85% after the jumps and did not fall under 65% during recovery.
Ground reaction forces were highest for closed leg jumps [landing:
2,363 (462) N] and lowest for jumping jack [landing: 1,088
(196) N].

Strength training session
Ten different exercises (leg-press, leg curls, chest press, rowing, rear
latissimus-pull-down, leg adduction and abduction, hyperextensions, and seated trunk extension and flexion) with 2–4 sets of ten
repetitions at 75% of one repetition maximum (1RM) were performed on machines. Rest periods between sets and exercises lasted
1 min. 1RM values had been assessed 4 weeks before the test using
the protocol outlined by Kraemer et al. (1991).

Table 2 Inter and intra assay variations and sensitivities for the
hormones. Inter and intra assay variation values and sensitivities
were provided by the manufacturers. DHEA-S Dehydroepiandrosterone-sulfate; hGH human growth hormone; IGF-I insulin-like
growth factor-I; IGFBP-3 insulin-like growth factor binding
protein-3

DHEA-S
Total testosterone
Free testosterone
17b-estradiol
Cortisol
hGH
IGF-I
IGFBP-3

Inter assay
(%)

Intra-assay
(%)

Assay
sensitivity

6.3–7.7
12.6
18.3
<10
4.0–5.2
1.8–8.3
3.8–7.4
0.5–1.9

3.8–4.4
6.3
<15
<10
3.0–5.1
1.5–5.9
3.9–7.0
1.8–3.9

110 ng ml)1
0.04 ng ml)1
0.15 pg ml)1
10 pg ml)1
20 ng ml)1
0.9 ng ml)1
2.1 ng ml)1
0.5 ng ml)1

test was used. All tests were two-tailed and a 5% probability level
was considered significant (*). We used SPSS 10.08 (SPSS, Chicago, Ill.) for statistical analysis.

Results
Hormonal measurements
All subjects were asked to restrain from exercise and intense
physical activity 2 days prior to the test day. Participants were
asked to avoid alcohol, nicotine, any medication, and unusual food
24 h prior to the investigation. On the test day the participants
took a standardized breakfast (6:30 a.m.) at home and came to the
training unit by bus or car to avoid physical activity. Once in the
laboratory participants rested in a sitting position for 30 min before baseline blood samples were taken. All baseline samples were
taken between 7:40 a.m. and 7:55 a.m. The exercise session began
at 8:00 a.m. Additional blood samples were taken immediately
(within 5 min) post-exercise (9:05 a.m.), and 2 h (11 a.m.) and 23 h
(8:00 a.m.) after the end of the exercise session.
Blood was drawn from a superficial arm vein. Blood samples
were stored until centrifuged at 900 g for 10 min. Serum was distributed over several tubes and immediately stored at )20C for the
next 10 days. To avoid systematic effects by blood volume shifting
we evaluated hematocrit before and immediately after exercise.

Data are presented in Figs 1, 2, 3, 4, and 5 for the steroid
hormones and in Figs 6, 7, and 8 for the hGH–IGF-I
axis. All values [means (SD)] are also given in Table 3.
Hematocrit values did not significantly change during

Hormonal assays
The radioimmunoassay method was used to measure dehydroepiandrosterone-sulfate (DHEA-S), free testosterone, cortisol, hGH
(Diagnostic Products, Biermann, Bad Nauheim, Germany), total
testosterone (DRG Instruments, Marburg, Germany), sex hormone binding globulin (SHBG; Biochem Immunosystems,
Freiburg, Germany), IGF-I, and IGFBP-3 (Diagnostic Systems
Laboratories, Sinsheim, Germany). The enzyme immune assay
method was used to assess 17b-estradiol [E2; Roche (Boehringer)
Diagnostics, Mannheim, Germany]. Blood samples taken 23 h
postexercise were analyzed exclusively for IGF-I and IGFBP-3.
The assay sensitivities and coefficients of variation are given in
Table 2.

Data analysis
All values are reported as means (SD), unless otherwise stated. The
Kolgomorov-Smirnov test was used to check for normal distribution. For normally distributed variables differences between time
points were assessed pair-wise by t-tests, otherwise the Wilcoxon

Fig. 1 Exercise effects on dehydroepiandrosterone-sulfate (DHEA-S)
concentration in early postmenopausal women
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Fig. 2 Exercise effects on total testosterone concentration in early
postmenopausal women

the exercise period [pre: 40.5 (2.5)% vs post: 40.6
(2.6%)].
DHEA-S increased significantly (P<0.01) during the
exercise period, peaking 120 min post-exercise. SHBG
increased significantly (P<0.05) during exercise and
then decreased to baseline values within the next 2 h.
The testosterone increase was not significant during the
exercise period and it decreased significantly post-exercise (P<0.001). The free testosterone fraction increased
significantly during exercise (P<0.05) and decreased
significantly afterwards (P<0.05) below baseline values.
Serum estrogen level increased during and after the exercise period. The E2 level was significantly (P<0.001)
different from the baseline level at 120 min post-exercise.
Serum cortisol concentration decreased significantly
(P<0.001) during exercise demonstrating the lowest
concentration 2 h post exercise.
The serum concentration of hGH increased significantly (P<0.05) during exercise and decreased significantly (P<0.05) below baseline levels during the next
2 h. IGF-I concentration remained unchanged during
exercise and the prolonged post-exercise period (23 h).
IGFBP-3 increased significantly (P<0.001) during the
exercise period and decreased below baseline values
during the next 2 h. During the prolonged post-exercise
period, IGFBP-3 concentration increased again demonstrating significantly (P<0.001) higher concentrations
23 h post-exercise compared with baseline levels.

Fig. 3 Exercise effects on free testosterone concentration in early
postmenopausal women

Discussion
A large number of studies describe the interactions of
various strength and endurance training regimens with
the endocrine system. An overview of investigations of
hormonal alterations after single exercise bouts in
postmenopausal women is given in Tables 4 and 5 for
sex steroids and the hGH–IGF-I axis. In contrast we
investigated whether a training program aimed at the
prevention of bone loss and an increase of physical fitness in early postmenopausal women can positively
influence the endocrine system, especially hormones
affecting bone metabolism. We used a characteristic
exercise session of our EFOPS training program, which
is partly similar to other exercise regimes with emphasis
on bone strength (Heinonen et al. 1996; Maddalozzo
and Snow 2000). Our cohort consisted of early postmenopausal women in whom large hormonal changes
particularly influence muscle, bone, and the central
nervous system.
Several recent exercise studies hypothesized that
changes of hormonal concentrations depend on parameters such as threshold intensity, duration, volume, rest
time, and amount of affected muscle mass (Gotshalk
et al. 1997; Hakkinen et al. 2000; Kraemer 1998; Pritzlaff
et al. 1999). Consequently, strength regimens were designed to activate enough muscle mass (Kraemer 1992,
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Fig. 4 Exercise effects on cortisol concentration in early postmenopausal women

Fig. 5 Exercise effects on estradiol concentration in early postmenopausal women

1998) with sufficient volume (Borst et al. 2001; Gotshalk
et al. 1997; Kraemer 1988, 1992; Kraemer et al. 1993)
and intensity (Felsing et al. 1992; Kraemer 1988, 1992;
Kraemer et al. 1993; Pyka et al. 1992; Schwarz et al.
1996). Concerning endurance regimens it was recommended by many authors that endurance intensities
should be at least at submaximal levels (around the
lactate threshold) to affect testosterone or hGH concentrations (Cumming et al. 1989; Schwarz et al. 1996)
although Pritzlaff et al. (1999) demonstrated a linear
relationship between endurance intensity (26–90%
V_O2max) and hGH response.
The requirements of high impact and high intensity
also apply to exercise interventions programs that focus
on bone. This can easily be understood as minimum
effective strain thresholds of around 1,000 lE in healthy
bone (Turner et al. 1994) must be surpassed for an
effective prevention of bone loss. The EFOPS training
regimen is in accordance with these requirements. A
typical training session consists of 20 min of endurance
training at 75–85% HRmax (67–79% V_O2max), 5 min
of jumping exercises (65–85% HRmax), and 45 min of
intense strengthening (25 sets, ten repetitions at 75%
1RM, 1 min of rest). In the following we will compare
our results with outcomes of other exercise studies in
postmenopausal women. In particular we will refer to
the studies summarized in Tables 4 and 5.

In postmenopausal women Johnson et al. (1997)
measured significantly higher DHEA-S serum concentrations (area under curve) during 30 min of treadmill
exercise at 90% HRmax compared with a non-exercising control group. Furthermore, the authors demonstrated that DHEA-S changes were not related to high
estrogen concentrations. While our endurance exercise
protocol was less intensive compared with the exercise
protocols of Johnson et al. (1997), we confirm a 10%
exercise induced DHEA-S increase in our cohort.
Testosterone results for postmenopausal women are
heterogeneous (Table 4). In three studies Häkkinen et al.
showed no significant testosterone and free testosterone
changes when investigating the effects of a single heavy
resistance strength training session in three different
cohorts of postmenopausal untrained women (age range
60–70 years). However, in a fourth cohort with a mean
age of 50 years, testosterone but not free testosterone
increased significantly (Hakkinen and Pakarinen 1995;
Hakkinen et al. 2000, 2001). In contrast Lee et al. (1999)
measured significant increases in testosterone concentration in 50- to 74-year-old untrained subjects after a
single bout of Qi training. However the joint analysis of
men and women may have biased their results because of
gender-related differences of testosterone response.
Häkkinen et al. also investigated in two cohorts
(mean ages 64 and 67 years) whether acute hormonal
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Fig. 6 Exercise effects on human growth hormone concentration in
early postmenopausal women

Fig. 7 Exercise effects on insulin-like growth factor-I concentration
in early postmenopausal women

effects differed after a certain period of regular resistance
strength training (Hakkinen et al. 2000, 2001). They
found that a period of 21 weeks of training had no effect
on testosterone and free testosterone levels. However,
after 6 months of continuous training, free testosterone
increased significantly after a single bout of exercise
while testosterone remained unchanged. These results
are similar to ours. After at least 18 months of training,
free testosterone (+20%) but not total testosterone
(+8%) increased significantly after exercise. In our cohort the testosterone rest level (0.171 ng ml)1) was
comparable to other postmenopausal cohorts (Greendale et al. 1995; Yen 1977).
The average E2 basal concentration in our cohort was
14 pg ml)1. This is in accordance with typical postmenopausal levels described in the literature that are in
the range of 10–25 pg ml)1 (Yen 1977). E2 levels in our
cohort changed significantly after exercise with a 20%
increase 2 h post-exercise. It is known that endurance
and strength exercises increase the estrogen level in
premenopausal women (for a review see De Cree 1998),
but to our knowledge exercise effects in postmenopausal
women have not been reported so far. In young ovariectomized women, Cumming et al. (1989) did not observe significant effects of exercise on estrone and
estradiol levels suggesting an contribution of the ovaries
to exercise-induced increases of E2.

Cortisol is a steroid hormone produced by the adrenal cortex that causes a catabolic effect on muscle. In
our cohort cortisol levels decreased significantly during
and after exercise. However, exercise effects have to be
separated from the diurnal secretion pattern with high
morning concentrations and marked decreases afterwards. The observed 36% decrease during the first
sampling interval (7:45–9:05 a.m.) bracketing the exercise session was significantly higher than the 14%
decrease during the longer second interval (9:05–
11:00 a.m.). Due to this observation we suggest that the
exercise session may be partially responsible for the
observed decrease in cortisol levels. This finding is
contrary to other studies investigating endurance or
resistance exercise effects in pre- as well as in postmenopausal women. These studies showed either an acute
increase of cortisol concentration (Cumming et al. 1989;
Johnson et al. 1997; Kraemer et al. 1993) or no change
(Hakkinen and Pakarinen 1995; Sidney et al. 1977). In a
review Kraemer (1992) concluded that acute exercise
stress, which increases anabolic hormone concentrations, concomitantly stimulates cortisol also. Also it was
hypothesized that a higher estrogen concentration
may enhance exercise-induced cortisol rise (Johnson
et al. 1997). However, we observed increases in free
testosterone and E2 along with a decrease in cortisol
concentration.
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Fig. 8 Exercise effects on insulin-like growth factor binding
protein-3 (IGFBP-3) concentration in early postmenopausal women

Acute increases of serum hGH after endurance or
strength exercises have been frequently described for
men and women. Apart from significantly higher resting
hGH concentrations in women (Hakkinen et al. 2000;
Kraemer et al. 1991, 1993; Sidney et al. 1977) no gender
differences were reported. With one exception (Lee et al.
1999) age negatively influenced the hGH sensitivity to
exercise (Craig et al. 1989; Hagberg et al. 1988; Hakkinen and Pakarinen 1995; Hakkinen et al. 1998,2000;
Pyka et al. 1992) but even in postmenopausal women
hGH increased significantly after a single bout of exercise in most studies (see Table 5).
In Kraemer’s study hGH responses were higher in
HRT-treated subjects than in women not taking HRT
(Kraemer et al. 1998), which is in accordance with a

study in premenopausal woman observing that exercise
effects on hGH were modulated by the cyclic variation
of estradiol (Hornum et al. 1997). An early study of
Pyka et al. (1992) suggests that the exercise intensity
required for a change of hGH concentration should be
higher in older than in younger subjects, although the
authors could not confirm these results in another study
with a higher exercise intensity (Pyka et al. 1994). In our
early postmenopausal cohort we observed a significant
hGH increase of 80% immediately post-exercise. This
increase was less pronounced than the 2- to 20-fold increase reported by Häkkinen (Hakkinen and Pakarinen
1995;Hakkinen et al. 2001), Kraemer (Kraemer et al.
1998), or Sidney (Sidney et al. 1977) although exercise
intensity was comparable.
Exercise-induced IGF-I changes reported in the literature are more diverse. Most of the data were collected
in younger cohorts and showed either significant IGF-I
increases after endurance or strength exercise (Borst et al.
2001; Hornum et al. 1997; Kraemer et al. 1990) or no
change at all (Hakkinen et al. 2000; Kraemer et al. 1993,
1995; Nindl et al. 2001; Schwarz et al. 1996; Wallace
et al. 1999). Table 5 lists only three studies in elderly
populations of predominantly male subjects. In our
study we could not detect significant IGF-I changes over
a 24-h period. The average basal IGF-I resting level of
81 ng ml)1 was also relatively low. However, IGF-I
serum levels may not reflect local IGF-I action. Bamman
(2001) observed local (muscle) IGF-I mRNA concentration increases 48 h after an eccentric resistance
training in young males but no alterations in serum
IGF-I. Nindl et al. (2001) postulated that resistance
exercise would change the relative proportions of the
binding proteins but not the total amount of IGF-I.
More than 90% of the circulating IGF-I is bound to
IGFBP-3 (Collett-Solberg and Cohen 1996; Nyomba et
al. 1997). Beside the carrier function, IGFBP-3 protects
IGF-I from degradation, increases IGF-I binding and
action, and modulates the IGF-I interaction with the
IGF-receptors (Collett-Solberg and Cohen 1996; Ranke
and Elmlinger 1997). Diurnal variation of IGFBP-3 was
described to be low with a small overnight decrease
(Jorgensen et al. 1990; Underwood et al. 1994).
Surprisingly, we measured a biphasic increase of IGFBP-3 with a significant increase of 35% immediately
after exercise, a decrease to baseline concentration 2 h

Table 3 Changes in levels of steroid hormones, hGH, IGF-I, and IGFBP-3. Values are means (SD)
Hormones assayed

Pre-exercise

<5 min post-exercise

2 h post-exercise

22 h post-exercise

DHEA-S (lmol l)1)
Total testosterone (nmol l)1)
Free testosterone (pmol l)1)
Estradiol (pmol l)1)
Cortisol (nmol l)1)
hGH (lg l)1)
IGF-I (nmol l)1)
IGFBP-3 (nmol l)1)

2.15 (0.89)
0.59 (0.27)
2.86 (1.09)
50.6 (15.4)
571 (124)
1.94 (1.23)
10.6 (5.0)
112.6 (33.7)

2.31(0.98)**
0.63 (0.29)
3.41(1.46)*
52.9 (17.3)
367 (138)***
3.31 (1.51)**
10.3 (5.1)
153.0 (21.9)

2.34 (1.07)**
0.47 (0.18)***
2.48 (0.84)*
60.2 (20.2)***
311 (77)***
1.22 (0.63)*
10.3 (4.7)
111.5 (30.3)

–
–
–
–
–
–
9.7 (4.7)
151.4 (23.3)

*P<0.05, **P<0.01, ***P<0.001

T›*

No sig. changes of T and E; DHEA›*; C›*
no sig. change of C; T›*
no sig. changes of T and C
Before: no sig. changes of T and fT
After: no, sig. changes of T; fT›*
Before: no sig. changes of T and fT
After: no, sig. changes of T and fT
DHEA-S›*; C›*
9/f/53 years/untr.

7/m+f/50–74 years/untr.

Johnson et al. 1997

Lee et al. 1999

›*Significant increase; fl*significant decrease

10/f/64 years/untr.
Häkkinen et al. 2001

Häkkinen et al. 2000

4/f/ovariect./untr.
7/f/50 years/untr.
8/f/70 years/untr.
10/f/67 years/untr.
Cumming et al.1989
Häkkinen and Pakarinen 1995

Endurance: stepwise cycle ergometry to maximum (12–16 min)
Resistance: bench press, sit ups: 5 sets, 10 reps, 3 min rest legpress: 5 sets, 10 reps at 10RM, 3 min rest
Resistance: leg-press: 5 sets, 10 reps at 10RM, 3 min rest;
before and after 6 months of resistance training
Resistance: leg-press: 5 sets, 10 reps at 10RM, 2 min rest;
before and after 21 weeks of resistance training
Endurance: 5 min warm up, 30 min treadmill at 80%
V_O2max
ChunDoSunBup Qi-training (25 min sound exercises; 15 min
slow movements (haeng-gong) 20 min meditation

Changes
Intervention
Groupn/sex/age/training status
Author(s)

Table 4 Exercise-induced changes of sex hormones and cortisol in postmenopausal or ovariectomized (ovariect.) women as described in the literature. m Male; f female; y years;
untr. untrained; reps repetitions; RM repetition maximum; sig. significant; T total testosterone; fT free testosterone; E estradiol; C cortisol; V_ O2max maximum rate of oxygen
consumption
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post-exercise, and a second significant increase of 40%
24 h post-exercise. To our knowledge a biphasic IGFBP3 response has not been reported to date.
Exercise-induced changes of IGFBP-3 serum levels in
postmenopausal women have also not been published to
date. In young men Nindl et al. (2001) showed significant increases of IGFBP-3 immediately after heavy
resistance exercise, followed by a decrease back to
baseline and no further increase during the next 13 h.
Also in young men, Kraemer et al. observed a significant
IGFBP-3 rise immediately after 90 s of cycle ergometry
with maximal effort (Hakkinen et al. 2000). These results
were confirmed by endurance exercise studies in 18- to
40-year-old males (Schwarz et al. 1996; Wallace et al.
1999). However, in two other exercise studies in men and
women (18–48 years) no acute response of IGFBP-3
during and up to 23 h post-exercise were found (Hornum et al. 1997; Schmidt et al. 1998).
Our study has several limitations. Although the
number of subjects included (25) was at least twice as
large when compared with other studies in postmenopausal women (Tables 4, 5) it was still relatively small.
Our cohort consisted of early postmenopausal women.
Time since menopause varied between 3 and 9 years.
Therefore hormone levels and their responsiveness to
exercise may differ. The range of SD is large compared
with the measured hormonal changes. We did not include a sedentary control group and therefore had to
refer to the literature for diurnal variations. Ideally the
same 25 subjects should have served as their own control
but this was too difficult to carry out. However, apart
from cortisol, reported diurnal variations are opposite to
the exercise-induced changes reported here. This may
explain why several other studies observing hormonal
changes after single bouts of exercise also did not include
a sedentary control group (Hakkinen et al. 2000, 2001;
Hymer et al. 2001; Kraemer et al. 1993).
We showed that a single EFOPS exercise session
provoked significant changes in levels of sex hormones,
hGH, and IGFBP-3, which are hormones reported to
affect muscle, bone, and the central nervous system.
When interpreting our data, it must be kept in mind that
in contrast to most other studies investigating acute
hormonal effects of exercise, our training session contained both endurance and strength exercises that may
have different adaptation effects at the tissue level caused
by up- and down-regulation of target receptors (Kraemer 1998). Obviously the physiological significance of
our results cannot be discussed conclusively within the
framework of our study. It is still unknown what magnitude of hormonal changes is necessary to stimulate the
systems mentioned above. In case of E2 the peak concentration of 60 pmol l)1 measured in our cohort was
much below the threshold value of 220 pmol l)1 that is
presumably required to prevent bone loss in women
(Rozenberg et al. 1995). Furthermore given the length of
a training session of typically 60 min, either directly or
indirectly induced hormonal changes are rather short
lasting and stimulus repetition rates are typically low

9/m/63 years/untr.

4/f/ovariect./untr.
11/m/65 years/trained
10/m/65 y/untr.
7/f/50 years/untr.
8/f/70 years/untr.
10/f/67 years/untr.

10/f/64 years/untr.

9/f/53 years/untr.
7/m+f/50–74 y/untr.

13/m/55–70 years/untr.

11/m+f/72 years/untr.

14/m+f/64–78 y/untr.
9/f/63 years/untr.

Craig et al. 1989

Cumming et al. 1989
Hagberg et al. 1988

Häkkinen and
Pakarinen 1995
Häkkinen et al. 2000

Häkkinen et al. 2001

Kraemer et al. 1998
Lee et al. 1999

Nicklas et al. 1995

Pyka et al. 1992

Pyka et al. 1994
Sidney et al. 1977

›*Significant increase; fl*significant decrease

Group n/sex/age/training status

Author(s)

Resistance: 12 exercises, 3 sets, 8 reps 85% 1RM, 1 min rest
Endurance: stepwise treadmill test (4·5 min beginning with 50% up to
90%V_ O2max); before and after 9–10 weeks of endurance training

Resistance: bench press, sit ups, 5 sets, 10 reps, 3 min rest, leg-press:
5 sets, 10 reps at 10RM, 3 min rest
Resistance: leg-press: 5 sets, 10 reps at 10RM, 3 min rest; before and
after 6 months of resistance training
Resistance: leg-press 5 sets, 10 reps at 10RM, 2 min rest; before and
after 21 weeks of resistance training
Endurance: 5 min warm up, 30 min treadmill at 80% V_O2max
ChunDoSunBup Qi-training (25 min sound exercises; 15 min slow
movements (haeng-gong) 20 min meditation
Resistance: 14 exercises, 1–2 sets, 15 reps, (4 reps at 5RM, reduction of
work load....); before and after 16 weeks of training
Resistance: 12 exercises, 3 sets, 8 reps at 70% 1 RM

Resistance: 8 exercises 3 sets, 8 reps; before and after 12 weeks of
resistance training (no sig. differences)
Endurance: stepwise cycle ergometry to maximum (12–16 min)
Endurance: treadmill running/walking test: 60 min 70% V_ O2max

Intervention

Table 5 Exercise-induced changes of hGH and IGF-I in the older population as described in the literature

Pre training: hGH›*
Post training: hGH›*
No sig. change of hGH (better results at
85% 1RM)
No sig. change of hGH
Before: no sig. change of C; hGH›*
After (5m, 5f): no sig. change of C; hGH›*

hGH›*
Trained: no sig. change of IGF-I; hGH›*
Untr.: no sig. change of IGF-I; hGH›*
hG H›*
no sig. change of hGH
Before: no sig. change of hGH
After: no sig. change of hGH
Before: no sig. changes for hGH
After: hGH›*
hGH›*
No sig. change of hGH; IGF-I›*

hGH›*

Changes
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(2–4 exercise sessions per week). On the other hand
Heshmati et al. (2002) reported in a recent study that
even small variations of low residual estrogen levels in
elderly postmenopausal women significantly affect bone
turnover. Kraemer (1992) suggested that at the local
level, adaptive response mechanisms could be triggered
without a dramatic change of hormonal secretion rates
by changes in receptor sensitivity or density, and
mechanisms such as clearance rates or hormonal degradation (Fordyce et al. 1991; Willis et al. 1997).
Summarizing our results we conclude that a single
exercise session designed to affect bone could have an
impact on hormones known to influence bone metabolism and calcium homeostasis.
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