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Summary The effects of resistance training with concentric or concentric–eccentric muscle actions on the acute
hormonal response to a resistance exercise protocol was investigated. Thirty-two men completed a 19 week lower-
body resistance training program (consisting of the leg press and leg extension exercises) in which they (1) performed
concentric actions only (CON); (2) performed both concentric and eccentric actions (CON–ECC); (3) performed double
concentric actions for each repetition (CON–CON); or (4) did not exercise. Following training each subject performed
two exercise tests consisting of three sets of 30 isokinetic concentric (day 1) and eccentric (day 2) knee extensions
separated by 48 h. The exercise tests were repeated following 4 weeks of detraining. Blood samples were obtained
before and after each exercise test. Serum growth hormone (GH) was significantly (P < 0.05) greater for the concentric
test in groups CON and CON–CON whereas GH was lower for the concentric test in CON–ECC compared with the
eccentric test prior to detraining. Following detraining, GH was greater during the concentric test in CON–ECC than in
the eccentric test, whereas no differences were observed between the concentric and eccentric tests in CON and
CON–CON and the acute GH response to resistance exercise was attenuated. These data indicate that GH is 
sensitive to muscle action type with differential responses observed with resistance exercise after short-term 
detraining. 
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INTRODUCTION 

The hormonal response to an acute bout of resistance
exercise has been investigated1,2. It is clear that several
hormones are sensitive to the stress of resistance exercise
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and play various roles in the anabolic and catabolic sta-
tus of muscle. For instance, most studies have shown that
immunoassayable growth hormone (GH), testosterone
and cortisol increase significantly during and through
30 min post-resistance-exercise in men1,2. The magnitude
may be affected by training volume3–5, intensity6,7, the
muscle groups involved or exercise selection8,9 and by
the length of the rest period between sets1,2. Thus, it
appears that the metabolic demand of the resistance
exercise protocol may be an important modulator of 
the acute hormonal response for GH, testosterone and
cortisol1,2. 
© 2001 Harcourt Publishers Ltd
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Another particular variable of interest during resist-
ance training is the mode of muscle action. Several stud-
ies have made comparisons between concentric and
eccentric muscle actions10–12. Greater force per unit
muscle is produced during eccentric actions13. Eccentric
actions are also more neuromuscularly efficient14, less
metabolically demanding15 and most conducive to hyp-
ertrophy11 and delayed onset muscle soreness16 com-
pared with concentric actions. In addition, Dudley et al10

have shown that dynamic muscular strength improve-
ments are greatest when the typical concentric–eccentric
actions are used in a resistance training program.
However, no study has investigated the acute hormonal
response to both types of muscle actions. Considering
the difference in the metabolic demands, recruitment
patterns and muscle damage between these two muscle
actions, it seems reasonable to hypothesize that the
acute hormonal responses may also differ. 

Of interest to resistance training are the adaptations
associated with detraining, or the cessation of training
for a certain period. In particular, the anabolic–catabolic
status of muscle tissue may be altered negatively owing
to the lack of overload placed on the muscles. A loss in
muscle strength and size is associated with detraining in
a short period of time17,18. However, the hormonal adapta-
tions to detraining are less clear. For example, Hortobagyi
et al17 reported increases in resting GH, testosterone and
the testosterone:cortisol (T:C) ratio following only 2
weeks of detraining. The authors suggested that this may
be a compensatory response used to counteract the cata-
bolic processes associated with detraining. However,
longer periods of detraining (i.e. 8–12 weeks) have shown
a significant reduction in the T:C ratio which correlated
highly to the loss in muscle strength19. Thus, it appears
that the length of the detraining period significantly
affects the hormonal adaptations. Studies examining
detraining periods following muscle-action-specific
protocols have not been performed. 

The purpose of this investigation was to examine the
acute hormonal response to an exercise test consisting of
eccentric or concentric muscle actions following a 19
week training period consisting of concentric-only or
concentric and eccentric muscle actions. Thus, it was our
aim to investigate potential differences in the hormonal
response due to specificity of the muscle actions used
during resistance training. In addition, the acute hor-
monal response to the resistance exercise test following 4
weeks of detraining was also investigated. 

MATERIALS AND METHODS 

Experimental approach to the problem 

In order to examine the acute hormonal response to
an exercise test consisting of concentric and eccentric
muscle actions following resistance training, we needed
to include a group which trained using both concentric
and eccentric muscle actions (CON–ECC) and compare it
with a group which trained using only concentric muscle
actions. One group (CON) performed the same number
of sets and repetitions as the CON–ECC group. However,
total volume was not similar as the CON–ECC group per-
formed twice as many movements. Thus, our second
concentric-only group (CON–CON) performed twice as
many sets and repetitions in order to equate total
exercise volume with the CON–ECC group. Following 19
weeks of resistance training, two exercise tests consisting
of concentric or eccentric muscle actions were used. This
enabled us to investigate the acute hormonal responses
to different muscle actions as well as the influence of
the mode of muscle action (e.g. CON–ECC, CON or
CON–CON) used during training on the acute response.
In addition, the hormonal responses to detraining have
only been partially addressed in the literature. Thus, our
study design incorporated a 4 week detraining period to
ensure a level of neuromuscular deconditioning (e.g. at 2
weeks initial changes have been observed17) and we meas-
ured the acute hormonal responses before and following
the detraining period. 

Subjects 

The subjects were 32 healthy, recreationally active men
(age, 32.0 ± 1.2 years; height, 176.9 ± 1.2 cm; body mass,
83.0 ± 1.8 kg) who had recently completed a 19 week
lower-body resistance training program10. The protocol
was approved by the Human Research Review Boards for
use of human subjects in research. Each gave written
informed consent to participate in the study after all of
the experimental risks, procedures and time demands
were explained. In addition, none of the subjects had any
orthopedic, endocrine or other pathological problem that
may have compromised his participation in this study.
The subjects were active in recreational sports and activ-
ity but were not currently involved in resistance training
of the lower body prior to the study. Subjects did not par-
ticipate in any recreational sports or activities during the
course of the study so that the resistance training
program was their only lower-body exercise (other than
locomotor activities involved in everyday living). During
the detraining period, subjects did not resistance train
and continued to refrain from recreational sports for the
entire 4 week period. 

Resistance training protocols 

Prior to initiating the resistance training protocol, all sub-
jects underwent a 1 month familiarization phase which
consisted of performing both the leg press and leg
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extension exercises with moderate and heavy loads 3
days per week. The subjects were randomly placed into
four groups based on pre-training muscular strength and
body mass data. The CON–ECC group (n = 8) performed
the leg press and leg extension exercises using both con-
centric and eccentric muscle actions during each repeti-
tion. The CON group (n=8) performed the same
exercises only using concentric muscle actions. These
groups performed four or five sets per exercise for 6–12
repetitions of each set 2 days per week. The CON–CON
group (n = 8) performed 8–10 sets per exercise with 6–12
repetitions per set 2 days per week. The purpose for doub-
ling the number of sets in the CON–CON group was to
equate volume (i.e. total number of repetitions per-
formed) with the CON–ECC group. Training days were
separated by 72–96 h to allow adequate recovery
between workouts. The control group (n=8) did not train
but maintained their normal level of physical activity
throughout the course of the study. 

The leg press (Universal, model 3018) exercise was ini-
tiated from a knee joint angle of 90˚. Subsequently, each
subject lifted the weight until the knees were in the fully
extended position. Subjects in the CON–ECC group pro-
ceeded to lower the weight and to initiate the next repe-
tition. For the CON and CON–CON groups, each subject
removed his feet from the foot plate on completion of the
concentric muscle action and a one-way hydraulic cylin-
der in line with the sled lowered the weight so that no
loaded eccentric actions were performed. The leg exten-
sion (Nautilus, model 4777) exercise was performed simi-
larly such that the hydraulic cylinder in line with the
weight stack lowered the weight for the CON and
CON–CON groups whereas the CON–ECC group per-
formed both the concentric and the eccentric phases. 

Each training set of the leg press and leg extension
was performed to momentary muscular failure follow-
ing a warm-up set. Training intensity and volume were
periodized uniformly across training groups such that.
10–12 repetitions were performed for the first 8 weeks,
8–10 repetitions were performed the following 5 weeks,
and 6–8 repetitions were performed for the last 6 weeks.
In an effort to maintain total resistance, the number of
sets per day of each exercise was increased from four to
five (for the CON–ECC and CON groups) or from eight
to 10 (the CON group) for the last 5 weeks of training.
Each leg was trained unilaterally for the leg extension
exercise. All training sessions were supervised and loads
and repetition number per set were recorded. Following
the 19 weeks of resistance training, subjects detrained
for 4 weeks in which only normal activities of daily liv-
ing were performed. Muscular strength (i.e. 3RM) was
assessed before and after 19 weeks of training and after
4 weeks of detraining, and the data were previously
reported10. 
Exercise test 

An exercise test was used to examine the acute hormonal
responses to both concentric and eccentric muscle
actions. The test consisted of three sets of 30 concentric
maximal isokinetic knee extensions during session 1 and
three sets of 30 eccentric isokinetic knee extensions dur-
ing session 2 performed at 60˚/s using a KIN/COM isokin-
etic dynamometer (Chattecx, Chattanooga, TN, USA). Each
session was separated by 48 h. Tests were administered
following 19 weeks of training and 4 weeks of detraining. 

Biochemical analyses 

Venous blood samples were obtained from subjects in a
semirecumbent position before and 3 min following each
exercise test. Each subject had their blood collected at
the same time of day (08.00 –10.00 h) and each time
point had a balanced representative sample from each
experimental group. The exercise test following 19 weeks
of training and 4 weeks of detraining was standardized 
as to the time of day in order to reduce any possible
effects of diurnal variations on hormonal concentrations.
The venous blood samples were obtained from a superfi-
cial arm vein on the radial aspect of the arm using 20
gauge needle and syringe with a specialized vacutainer
set-up. Before the resting blood sample was obtained, a
20 min equilibration period was utilized. All blood sam-
ples were processed, centrifuged for 15 min at 1500 × g ,
serum harvested and stored at 80 ˚C until analyzed. 

Fresh blood samples were immediately analysed in
duplicate for whole blood lactate using a lactate analyzer
(YSI Lactate Analyzer, Yellow Springs, OH, USA). Blood
was analyzed in triplicate for hemoglobin using the cyan-
methemoglobin methods (Sigma Chemical Co., St. Louis,
MO, USA) and for hematocrit using the microcapillary
technique. Plasma volume shifts were determined via the
methods described by Dill and Costill20. All hormonal
data were corrected for plasma volume shifts which
ranged from 8% to 13%. 

Serum total and free testosterone, human GH, sex-
hormone binding globulin (SHBG) and cortisol concen-
trations were determined in duplicate in blinded analyses
using standard radioimmunoassay (RIA) techniques.
Determinations of the different concentrations for the
various RIAs were attained with the use of a Beckman
5500 γ counter and on-line data reduction system. Serum
total, free testosterone and SHBG were measured with 125I
solid-phase RIA (Diagnostic Products Corp., Los Angeles,
CA, USA). Serum GH was measured using a 125I liquid-
phase RIA with double-antibody technique (Cambridge
Medical Diagnostics, Billerica, MA, USA) with a limit
detection of 0.24 µg/L. Serum cortisol concentrations were
assayed with a solid-phase 125I RIA technique (Diagnostic
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Products Corp., Los Angeles, CA, USA). All inter- and intra-
assay variances were less than 8% and 5% respectively. 

Statistical analyses 

Statistical evaluation of the hormonal and lactate data
was accomplished using a (4 × 2 × 2) analysis of variance
(groups × test × time). Subsequent pairwise differences
were determined using a Fisher LSD post hoc test when
appropriate. Statistical power was determined to be from
0.75 to 0.80 for the sample sizes used at the 0.05α level
(nQuery Advisor® software, Statistical Solutions, Saugus,
MA, USA). Significance was set at P ≤ 0.05. 

RESULTS 

Figure 1 shows the differences in whole-blood lactate
before and after the concentric and eccentric exercise
protocols for all groups. Significant increases were
observed in all groups following the exercise test com-
pared with baseline values. No differences were observed
between training groups. Although blood lactate was
slightly less in all training groups following the eccentric
protocol compared with concentric, these differences
Fig. 1 Blood lactate changes in response to the exercise test following
detraining) in the CON (A), CON–CON (B), CON–ECC (C) and control 
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were not statistically significant. In addition, the blood
lactate response to both protocols did not differ following
four weeks of detraining. 

Figure 2 shows the differences in serum GH before and
after the concentric and eccentric exercise protocols for
all groups. In all groups there was a significant increase
in GH following both the concentric and the eccentric
exercise tests compared with resting values. In the CON
and CON–CON groups, the increase in GH following the
concentric test was significantly greater than the increase
following the eccentric test. Following detraining, the
acute increase in GH was significantly attenuated. In the
CON–ECC group, the increase in GH was greater follow-
ing the eccentric than the concentric test after 19 weeks
of training. This increase was significantly greater than
for the other groups post-training. However, following
the detraining period the increase in GH was greater fol-
lowing the concentric test. The acute increase following
the eccentric test was attenuated compared with post-
training. 

Changes in SHBG, free and total testosterone, and cor-
tisol are presented in Tables 1–4. No significant differ-
ences were observed for SHBG and cortisol following
either of the exercise tests during both the post-training
 19 weeks of training (post-training) and 4 weeks of detraining (post-
(D) groups. *P < 0.05 from corresponding pre-exercise value. No
ing–detraining periods. 
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Fig. 2 Changes in serum GH in response to the exercise test following 19 weeks of training (post-training) and 4 weeks of detraining (post-
detraining) in the CON (A), CON–CON (B), CON–ECC (C) and control (D) groups. *P < 0.05 from corresponding pre-exercise value.
#Significant difference between concentric and eccentric muscle action test. @P < 0.05 from corresponding post-training value. $P < 0.05
between groups.
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and the detraining periods. For total testosterone, signifi-
cant elevations compared with rest were observed in all
the training groups following the concentric test and
for the CON–ECC group following the eccentric test. No
differences were observed between muscle actions or
following 4 weeks of detraining. 
Table 1 The effect of mode of muscle action on the ac

Group Concentric test 

Pre P

CON 

Post-training 27.31 ± 7.9 30.63

Post-detraining 28.50 ± 10.6 30.19

CON–CON 

Post-training 28.04 ± 8.1 30.15

Post-detraining 29.46 ± 7.7 31.01

CON–ECC 

Post-training 29.96 ± 4.6 30.95

Post-detraining 29.75 ± 4.4 31.67

Control 

Post-training 28.58 ± 4.5 29.74

Post-detraining 28.74 ± 3.6 30.16
DISCUSSION 

The unique finding of this investigation was that, after 19
weeks of muscle action specific training, only the acute
GH response patterns to the resistance exercise stress
demonstrated differential effects. For the CON and
ute response of SHBG (nmol/L). 

Eccentric test 

ost Pre Post 

 ± 8.4 28.03 ± 8.7 29.56 ± 8.8 

 ± 11.1 28.26 ± 9.2 29.16 ± 9.0 

 ± 9.0 29.93 ± 10.1 32.38 ± 10.4 

 ± 8.1 31.17 ± 8.7 32.04 ± 8.4 

 ± 4.2 30.11 ± 4.2 31.79 ± 4.1 

 ± 4.0 31.10 ± 5.5 32.32 ± 4.7 

 ± 4.9 30.34 ± 4.6 30.94 ± 5.1 

 ± 3.9 28.22 ± 4.4 28.56 ± 3.1 
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Table 2 The effect of mode of muscle action on the acute response of free testosterone (pmol/L). 

Group Concentric test Eccentric test 

Pre Post Pre Post 

CON 

Post-training 76.4 ± 23.8 84.3 ± 19.5 76.8 ± 24.4 83.8 ± 24.9 

Post-detraining 74.3 ± 25.8 81.8 ± 33.6 71.9 ± 23.8 76.1 ± 35.8 

CON–CON 

Post-training 81.9 ± 17.3 93.4 ± 18.4 77.2 ± 17.8 82.8 ± 18.1 

Post-detraining 79.8 ± 25.7 87.0 ± 25.4 72.4 ± 19.6 83.0 ± 21.6 

CON–ECC 

Post-training 66.5 ± 18.5 76.4 ± 24.8 70.0 ± 18.1 73.5 ± 21.4 

Post-detraining 69.5 ± 18.6 78.7 ± 21.4 76.0 ± 34.7 91.3 ± 35.1 

Control 

Post-training 84.2 ± 15.5 91.0 ± 16.7 74.0 ± 17.2 84.8 ± 16.1 

Post-detraining 83.9 ± 29.6 89.0 ± 22.0 78.7 ± 12.4 86.7 ± 16.0

Table 3 The effect of mode of muscle action on the acute response of total testosterone (nmol/L). 

Group Concentric test Eccentric test 

Pre Post Pre Post 

CON 

Post-training 16.5 ± 5.1 19.4 ± 3.9a 16.4 ± 3.7 18.3 ± 5.8 

Post-detraining 15.7 ± 5.0 18.1 ± 6.7a 15.1 ± 5.4 17.7 ± 7.1 

CON–CON 

Post-training 16.4 ± 4.8 20.2 ± 4.9a 16.5 ± 4.8 18.2 ± 5.8 

Post-detraining 17.0 ± 6.3 19.0 ± 6.5a 15.8 ± 4.7 16.9 ± 4.2 

CON–ECC 

Post-training 15.9 ± 4.1 18.4 ± 5.5a 15.9 ± 2.1 18.4 ± 3.1a

Post-detraining 16.2 ± 3.8 19.4 ± 5.8a 17.5 ± 3.9 21.0 ± 3.3a

Control 

Post-training 18.5 ± 4.2 20.2 ± 4.6 15.3 ± 4.6 19.5 ± 3.9 a

Post-detraining 17.4 ± 6.2 19.7 ± 5.7 17.0 ± 3.4 20.5 ± 5.5 a

aP < 0.05 from corresponding resting value.
CON–CON groups, the acute increase in GH was signifi-
cantly greater following the concentric protocol than for
the eccentric protocol. For the CON–ECC group, the
acute response differed as the increase in GH was signifi-
cantly greater following the eccentric protocol than for
the concentric protocol following the 19 week training
period. This demonstrated a specificity to the type of
training muscle action. In addition, when the concentric
stimulus was removed during the detraining period in
the CON and CON–CON groups, the acute GH response
to the concentric protocol was significantly blunted.
These results demonstrate that GH secretion is specific
to the mode of muscle action used during training. In
addition, to our knowledge this was the first study which
delineated the influence of mode of muscle action on the
acute hormonal responses to resistance exercise. 

GH has been shown to increase significantly during an
acute bout of resistance exercise and through 30 min
post-exercise1,2,5. Typically, moderate to high-volume pro-
grams using short rest periods have shown the greatest
increases compared with lower-volume, strength/power-
type programs1,2. Thus, the metabolic demands of the
resistance exercise protocol are stressors signaling the
release of GH from the somatotroph cells of the anterior
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Table 4 The effect of mode of muscle action on the acute response of cortisol (nmol/L). 

Group Concentric test Eccentric test 

Pre Post Pre Post 

CON 

Post-training 467.3 ± 111.4 493.1 ± 155.6 454.3 ± 144.9 516.0 ± 133.6 

Post-detraining 460.8 ± 115.4 507.2 ± 162.5 426.3 ± 98.1 454.4 ± 175.9 

CON–CON 

Post-training 463.3 ± 114.9 507.1 ± 193.0 466.6 ± 166.9 461.8 ± 146.9 

Post-detraining 449.3 ± 103.7 466.6 ± 160.4 444.3 ± 105.2 462.2 ± 108.6 

CON–ECC 

Post-training 427.3 ± 154.5 451.2 ± 150.5 475.7 ± 129.0 461.2 ± 114.3 

Post-detraining 448.8 ± 183.7 439.1 ± 119.0 409.2 ± 136.0 483.3 ± 148.1 

Control 

Post-training 342.7 ± 85.4 405.6 ± 120.9 375.0 ± 95.8 411.2 ± 112.9 

Post-detraining 390.0 ± 89.4 388.8 ± 95.9 382.1 ± 80.4 441.3 ± 126.8 
pituitary. It has been proposed that H+ accumulation pro-
duced during lactic acidosis along with protein catabo-
lism may be the primary factors influencing GH release
during resistance exercise21. Support for this contention
has been shown during high-intensity cycling exercise
in which induced alkalosis attenuated the acute GH
response to exercise22. In the present study, blood lactate
concentrations were greatest following the concentric
protocol in all groups. Thus, if metabolic demands were
the primary stimulus then the acute GH response should
have been greatest following the concentric protocol in
all groups. This was the case for the CON, CON–CON
and control groups. However, this was not the case for
the CON–ECC group. These results indicate that other
stimuli besides lactic acidosis play a role during resis-
tance training. 

Previously, much of GH release has been attributed to
humoral factors. For example, an increase in GHreleasing
hormone, a decrease in somatostatin or the regulation
from other neuropeptides (i.e. galanin) has been pro-
posed to increase GH secretion in response to metabolic
stress23. However, further evidence has been reported
that demonstrates paracrine interactions with other cell
types24 and a potential neural control in response to
stress25. It has been shown that the anterior pituitary is
directly regulated by nerve fibers25. In addition, these
fibers appear to have the ability to respond to changes in
hormone concentrations by active axonal sprouting,
which has been evidenced directly in the anterior pitu-
itary by the presence of the membrane phosphoprotein
GAP-4326. Interestingly, most neural synapses identified
in the anterior pituitary have been found on corticotroph
and somatotroph cells25. This has prompted the role of a
possible neural–humoral regulation of the anterior pitu-
itary in response to stress with a rapid initial “neural”
phase followed by a “humoral” phase25. If such is the case
then it may be possible for higher centers in the brain
(e.g. motor cortex) to take part in the regulation of GH
secretion during the high-intensity stress associated with
resistance training. 

The mode of muscle action (e.g. concentric vs eccentric)
has been shown to pose a differential stress to the neuro-
muscular system27. Force per unit muscle is greater dur-
ing eccentric muscle actions, and thus less neural
stimulation is needed to act against a specific load28. It
appears that differences in both recruitment patterns and
firing rates exist between concentric and eccentric muscle
actions29,30 as greater integrated electromyographic activ-
ity during concentric actions than eccentric has been
reported13,14,31. In addition, the neuromuscular adapta-
tions to both muscle actions demonstrate the principle of
specificity10,11,26. On the basis of the data in the present
study, it appears that the acute GH responses to resist-
ance exercise also demonstrate the principle of specificity
to the muscle actions used during training. This was evi-
denced by the greater acute increase following the eccen-
tric protocol in the CON–ECC group and by the greater
acute increases following the concentric protocol in the
CON and CON–CON groups who did not perform any
loaded eccentric muscle actions throughout the 19 week
training period. These data also demonstrate the impor-
tance of the eccentric phase during resistance training
repetitions. The CON–ECC group had the greatest GH
response to the eccentric protocol apparently because of
the eccentric component in the training program. 

Previous studies which have examined the acute GH
response to resistance exercise did not differentiate
between muscle actions and no data exist with mode-
specific training comparisons. Thus, the influence of
muscle action on the acute GH response appears to have
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greater importance than previously identified. It is pos-
sible that the neural–humoral anterior pituitary regula-
tory hypothesis proposed by Ju25 may be a plausible
mechanism explaining the partitioning of such training
effects primarily to the pituitary function. Differences in
motor unit recruitment patterns may provide a different
neural stress which may affect the magnitude of GH
secretion. However, further research is warranted exam-
ining the contributions of the motor cortex to the acute
increases in GH observed during resistance exercise. 

The acute GH response to resistance exercise following
the 4-week detraining period also demonstrated muscle
mode of action specificity. For the CON and CON–CON
groups, the acute increase following the concentric proto-
col was significantly attenuated whereas no differences
were observed following the eccentric protocol. In the
CON–ECC group, the response to the concentric protocol
was greater than the post-training response and the eccen-
tric post-training response was less than the detraining
response. This marked shifting in the response patterns
following detraining toward a more concentric dominant
effect reflects what was seen in the other two groups
where the concentric response patterns were dominant.
The removal of the eccentric stimulation may have a more
dramatic impact on the responsitivity of GH to exercise
and our data support a differential pattern for concentric
or eccentric responses in muscle-action-specific trained
individuals. Nevertheless, these data demonstrate the
importance of eccentric actions during resistance training. 

Following detraining, at rest there were no changes in
GH concentrations which support the data of Häkkinen
et al19 who also reported no change in GH following 12
weeks of detraining. This lack of change in resting GH
responses following resistance training has been sup-
ported by cross-sectional data obtained from elite
weightlifters showing no difference from lesser-trained
individuals5. It has been suggested that the acute
increases in GH during resistance exercise are more
important for tissue remodeling than chronic adapta-
tions32. Resting concentrations do not appear to vary sig-
nificantly with resistance training. With little change in
resting values, exercise-induced patterns may be more
sensitive to differences in pituitary function with detrain-
ing. This is consistent with the dynamic feedback mecha-
nisms GH is involved with and its role in the homeostatic
control of other dynamic variables (e.g. fats, proteins)32.
In general, it appears that the primary response to resis-
tance detraining is an attenuated acute GH exercise-
induced increase, with more complex cybernetic shifts in
the CON–ECC exercise responses, as no differences in
resting GH concentrations were observed. 

Interestingly, in the present study, the mode of muscle
action did not appear to affect the other hormones mea-
sured. No differences were observed between the
concentric and eccentric protocols in SHBG, cortisol, and
free and total testosterone. Compared with resting val-
ues, only total testosterone increased significantly follow-
ing the concentric protocols in the CON, CON–CON and
CON–ECC groups and following the eccentric protocol in
the CON–ECC group. For free testosterone and cortisol,
only small increases were observed which were not sta-
tistically significant. This may be due, in part, to the over-
all volume of the testing protocols, sample timeline and
the amount of muscle mass used. It has been shown that
high-volume resistance training programs (coupled with
moderate to high intensity) produce the greatest acute
increases in testosterone and cortisol1,2,7,33. In addition,
the overall quantity of muscle tissue involved also affects
the magnitude of testosterone increases observed follow-
ing an acute bout of resistance exercise8,9. The exercise
test in the present study consisted of the knee extension
exercise performed for only three sets of 30 repetitions.
Although the repetition number was high per set, it
appears that the overall volume and muscle mass used
(i.e. only the quadriceps) may have been too small in
order to produce a significant increase in free testos-
terone and cortisol. 

No significant differences were observed in resting
concentrations of total and free testosterone, cortisol and
SHBG following the 4 week detraining period in the
present study. These results are consistent with
Häkkinen et al19 who reported no significant changes in
resting serum testosterone, cortisol, and SHBG concen-
trations with detraining. In contrast, Hortobagyi et al17

reported significant elevations in GH and testosterone
with a significant concomitant decrease in cortisol fol-
lowing only 2 weeks of detraining. The authors hypothe-
sized that this initial increase in anabolic hormone
concentrations was initiated to combat the catabolic
processes of detraining. It was also suggested that short-
term detraining may represent an augmented stimulus
for tissue remodeling and repair. In addition, Häkkinen
et al34 reported that reduced training volume (over a 2
week period) following stressful preparatory training in
elite weight lifters slightly increased the T:C ratio. It
appears that short-term detraining (i.e. < 2 weeks) may
increase resting concentrations of anabolic hormones.
However, periods of 4–12 weeks reflect no significant
changes with longer periods reflective of tissue catabo-
lism. Thus, our findings are consistent with previous
studies showing no change in resting anabolic hormone
concentrations following a relatively short-term detrain-
ing period. 

In summary, the mode of muscle action appears to
affect only the acute exercise-induced GH response to
resistance exercise using limited muscle mass compared
with total and free testosterone, cortisol and SHBG. These
changes are only observed when starting with the subject
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chronically trained in a specific mode of muscle action
prior to detraining. In addition, the acute GH response
may be influenced by other factors (i.e. possibly neural-
humoral stimuli) affecting GH secretion during acute
resistance exercise. To our knowledge, this is the first com-
prehensive study examining the mode of muscle action
used in physical training on the acute hormonal response
to resistance exercise. It appears that neuroregulatory
mechanisms related to higher brain center interactions
and signal modulations between the motor cortex and the
hypothalamic–pituitary axis appear to be potential sites of
the differential GH secretion but further research is
obviously warranted examining such mechanisms. 
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