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ABSTRACT

PULLINEN, T., A. MERO, P. HUTTUNEN, A. PAKARINEN, and P. V. KOMI. Resistance exercise-induced hormonal responses in
men, women, and pubescent boys. Med. Sci. Sports Exerc., Vol. 34, No. 5, pp. 806–813, 2002. Purpose: This study was designed to
investigate the acute plasma catecholamine (CA) response to resistance exercise and its association with serum testosterone (TES),
cortisol (COR), and growth hormone (GH) concentration changes. Methods: Six men, six women, and six adolescent boys (14 � 0
yr) performed five sets of 10 knee extensions with 40% of one-repetition maximum followed by two sets performed to exhaustion.
Arterialized venous blood was sampled before, during, and after the exercise for the hormone analysis. External work performed (Wext),
average EMG normalized for maximal EMG, exercise-induced maximal voluntary contraction decline, and plasma volume change
(�PV) were also determined. Results: No differences between groups were observed in Wext relative to lean body mass, average EMG,
or in exercise-induced fatigue. Plasma norepinephrine (NE) concentrations were similar in the three groups. However, peak plasma
epinephrine (E) increase from preexercise was about twice as high in boys (5.0 � 2.6 nmol·L�1 as in men (2.5 � 0.8 nmol·L�1] and
in women (2.1 � 0.6 nmol·L�1) (P � 0.05). The �PV could explain a significant increase in serum TES concentration in men, and
increases in GH concentrations in every group, but not that of COR observed only in boys. No correlation between the CA concentration
changes and those of the other hormones were observed even if the groups were combined. Conclusion: No associations between the
CA and the other hormone responses were observed. However, the results may suggest a trend for higher stress response to this
particular exercise in the boys than in adults. Key Words: CATECHOLAMINES, TESTOSTERONE, CORTISOL, GROWTH
HORMONE, RESISTANCE TRAINING, AGE, SEX

In adult men, the concentrations of serum testosterone
(TES), cortisol (COR), and growth hormone (GH),
which are shown to play an important role in muscular

adaptation (17), have been repeatedly shown to increase in
response to resistance exercise (10,19). However, in ado-
lescent boys, a resistance exercise-induced increase in se-
rum TES concentration has only been shown in a few
studies (18,25). Also, serum COR and GH concentrations
may increase in response to resistance exercise in adoles-
cents (18). Nevertheless, no comparisons on the magnitude
of these hormonal responses between adolescents and adults
have been reported. In women, no increase in serum TES
concentration is normally observed in resistance exercise.
Also, the GH and COR responses may be lower in women
than in men (10).

Sympathetic nervous activity, together with circulating
catecholamines (CA), norepinephrine (NE), and epinephrine
(E), may increase TES secretion in males (7,12), as well as
secretion of COR (2) and GH (1) in both sexes. Resistance
exercise is known to be a strong stimulus to increase plasma

NE and E in adult men (20). To the best of our knowledge,
no data on plasma NE and E with comparable exercise
loading within a given study for men, women, and adoles-
cent have been reported. Also, information on the associa-
tions between plasma CA and other hormonal responses to
resistance exercise is very limited. Recently, no differences
were observed between adult men and women in the plasma
CA concentrations after single-set knee extension tests per-
formed until exhaustion at different loads (26). However, it
is not known if there are gender differences in the CA
response during a resistance exercise workout consisting of
multiple sets. It has been shown earlier in repetitive maxi-
mal sprinting that especially the plasma E concentration
may peak during the exercise rather than after it and also
that gender differences in E response may occur (3). Plasma
NE concentration, as well as also serum total TES concen-
tration, were found to be lower in adolescent boys than in
adult men after a short exhausting squatting exercise, and no
correlation between the responses was observed (25). Un-
fortunately, the influence of the plasma volume change
(�PV) on the serum TES concentration increase was not
examined in that study. It has been shown earlier that �PV
has an important role in explaining the exercise-induced
serum TES response (13,16). The �PV during resistance
exercise is mainly induced by accumulation of lactate and
other metabolites in the active muscles, which has an
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osmotic effect causing water to flow out of the vascular
compartment (4,15). However, it is not known whether the
�PV in resistance exercise is similar in children as in adults.

The present study was designed to examine the hormonal
responses in men, women, and adolescent boys during a
resistance exercise session consisting of multiple sets with
comparable exercise loading. In particular, the association
of the circulating CA concentrations with those of TES, GH,
and COR, corrected for the �PV, was investigated.

METHODS

Approach to the problem and experimental de-
sign. The resistance exercise in the present study was per-
formed with a variable-resistance knee-extension machine
(David 200, David International Ltd., Vantaa, Finland). It
has been shown earlier that using this machine exhaustion
may be reached with about half the repetitions at a given
load level as compared with a normal constant-resistance
knee-extension device (9). Thus, the machine was also
suited to the testing of the adolescent boys, as using of heavy
loads could be avoided. A load of 40% of one-repetition
maximum (1-RM) was chosen, as we knew that exhaustion
would probably occur in less than 30 repetitions (26), cor-
responding to a commonly used training load of well over
60% of 1-RM in constant-resistance knee-extension device
(9). Special attention was paid in this study to the determi-
nation and comparison of exercise loading. Range and fre-
quency of the knee-extension movements were carefully
controlled and external work performed was calculated.
EMG measurements were performed to evaluate the level of
central command during the exercise contractions. In addi-
tion, decline in maximal isometric force production after the
exercise was determined to evaluate the exercise-induced
fatigue. Blood was sampled before, during, and immediately
after the exercise for the hormonal analyses. In addition,
normal resting samples in the morning were also taken.

Subjects. Six healthy women, six men, and six pubes-
cent boys volunteered to participate in the present study. All
subjects were physically active and exercised regularly three
to six times/week of which approximately one to three
times/week was resistance training. All the boys had trained
with weights about 1 yr, whereas the adult subjects had a
training history of at least 3 yr. The other exercise sessions
consisted mainly of different forms of aerobic exercise and
recreational games. By using of the morning TES concen-
trations, all the boys were estimated to be in pubertal stage
5 in Tanner scale (31). The subjects were thoroughly famil-
iarized with all testing equipment and procedures before the
study, and their written informed consent was obtained.
Furthermore, a written informed consent was also obtained
from the parents of the adolescent subjects. Experimental
testing of the female subjects was performed during the
early follicular phase of the menstrual cycle (days 3–5).
None of the subjects was taking any medications or hor-
mones. The Ethics Committee responsible approved the
study. The characteristics of the subjects are shown in
Table 1.

Protocol. After 1 d of rest and 12 h of fasting, the test
day began with blood sampling in the morning (7:00–8:00
a.m.) and continued with a light standardized breakfast. The
resistance exercise session started between 1:00 and 3:00
p.m. No food intake was allowed during the last 3 h before
exercise. Body mass and height were first measured and the
percentage of body fat was determined (6). After the an-
thropometric measurements, EMG-electrodes were attached
to the right thigh before a standardized warm-up consisting
of 5-min cycle ergometer exercise with a heart rate of
110–140 bpm, 3 min of stretching, and at least 10 submaxi-
mal leg extensions with a specially modified variable-resis-
tance machine. This same exercise machine was used in
measurements of concentric 1-RM, resistance-exercise pro-
tocol, and isometric maximal voluntary contraction (MVC)
measurements before and after the exercise.

The exercise protocol included seven sets of dynamic
bilateral knee extension-flexion movements commonly used
in resistance training programs. In the first submaximal part
of the exercise (Esubmax), the subjects performed five sets of
10 repetitions at 40% of 1-RM with 40 s of recovery
between the sets. In the second part of the exercise, 3 min
later, two sets of maximal number of repetitions with the
same load were performed with three min recovery in be-
tween (Emax1 and Emax2, respectively). A summary of the
study protocol is presented in Figure 1. Delayed onset mus-
cle soreness was assessed with a questionnaire (scale: 0 �
no soreness, 5 � intolerable soreness) during the following
5 d.

FIGURE 1—Schematic illustration of the study protocol. Warm-up,
including 5-min bicycle exercise, stretching, submaximal leg exten-
sions; one-repetition maximum testing (1-RM); isometric maximal
voluntary contraction force testing (MVC); rec, recovery; Esubmax, 5 �
10 leg extensions with 40% load of 1-RM and with 40 s recovery; Emax1

and Emax2, maximal number of repetitions with 40% load of 1-RM;
post, postexercise; CA, plasma catecholamines; SH, serum hormones;
[La�]b, blood lactate; GLU, blood glucose; Hb, hemoglobin; Hcr,
hematocrit.

TABLE 1. Subject characteristics.

Boys Men Women

Age (yr) 14 � 0a,b 27 � 3 28 � 4
Height (cm) 168 � 5a 179 � 6 168 � 5a

Body mass 52.3 � 7.9a,b 77.2 � 8.4 65.7 � 7.7a

Body fat (%) 8.4 � 1.9b 10.0 � 1.8 25.1 � 4.0a

LBMc (kg) 47.8 � 6.6a 69.5 � 7.0 49.2 � 5.8a

Values are means � SD; N � 6 in each group.
Significantly different from men, a P � 0.05.
Significantly different from women, b P � 0.05.
c The mass of body fat subtracted from body mass.

HORMONAL RESPONSES TO RESISTANCE EXERCISE Medicine & Science in Sports & Exercise� 807



Blood sampling and analysis. As plasma NE con-
centration is known to be disproportionately influenced by
forearm sympathetic nerve activity in conventional blood
samples from antecubital vein, and the E secretion may be
underestimated due to forearm tissue extraction of E, arte-
rialized venous blood was used in the present study (11). To
obtain arterialized venous blood, the fingers and knuckles of
the right hand were placed in 40°C water 5 min before the
preexercise sample with the subjects seated on the exercise
machine and were kept in water during the whole exercise
session. A winged infusion set (either G22·0.60·20 mm or
G22·0.70·20 mm, Danlab, Helsinki, Finland) was inserted in
a vein on the back of the hand and advanced as far as
possible in the distal direction. The relatively short time
delay (5 min) before blood sampling was chosen as it was
considered important that the subjects would not have to
wait very long in sitting position before the exercise. In the
morning blood was sampled from the antecubital vein in a
lying position.

The samples for the determination of plasma CA concen-
tration were centrifuged at 3°C with an antioxidant solution
containing ethyleneglycoltetra-acetic acid (EGTA) and re-
duced glutathione. The plasma was removed and frozen at
�80°C. CAs from 1000-�L plasma were later extracted into
30 mg Al2O3 (Bioanalytical Systems, Inc. West Lafayette,
IN) in 3 mL of tris-HCL buffer (pH 8.65) in 5-mL conical
test tubes; 3,4 –dihydroxybenzylamide hydrobromide (Sig-
ma, St. Louis, MO) was used as an internal standard to
correct for absolute recovery variations in CA. After wash-
ing four times with 2 mL H2O, the CAs were eluted into
100-�L 0.2 M HCLO4 solution. CAs in the eluates (50 �L)
were measured by high-pressure liquid chromatography
(HPLC) with multichannel electrochemical detector (ESA
CoulArray, model 5600, ESA Inc., Chelmsford, MA). For
the analysis of NE and E, Inertsil ODS-3 column (4.0 � 150
mm, 3 �m, GL Sciences Inc., Tokyo, Japan) and citric
acid–monochloracetic acid–acetonitrile buffer (pH 3.4) as
mobile phase were used. Flow rate was 0.6 mL·min�1.

For calibration purposes, known CA standards were
treated in the same way as samples and the peak height
ratios (relative to the peak height of the internal standard) of
unknown CA were compared with those of synthetic stan-
dards (CoulArray Software 1.003). The detection limit of
CA standards in the described method was 0.2 nmol·L�1

and the interassay coefficient of variation 5–6%.
Serum samples for the hormonal analyses were kept fro-

zen at �25°C until assayed. The concentrations of serum
total testosterone (TEStot) was measured by the Chiron
Diagnostics ACS:180 automated chemiluminescence sys-
tem using ACS:180 analyzer. The sensitivity of the assay
was 0.4 nmol·L�1, and the coefficient of intra-assay varia-
tion was 6.7%. The concentrations of serum free testoster-
one (TESfree) were measured by radioimmunoassay kits
from Diagnostic Products Corp. (Los Angeles, CA). The
sensitivity of the assay was 0.52 pmol·L�1, and the intra-
assay variation was 3.8%. Serum GH concentrations were
analyzed by two-site fluoroimmunometric methods by using
an AutoDELFIA analyzer (Wallac Oy, Turku, Finland). The

sensitivity of this method was 0.01 �g·L�1, and the intra-
assay variation was 2.7%. Serum COR concentrations were
measured by radioimmunoassay kits from Orion Diagnos-
tica (Espoo, Finland), with sensitivity of 0.05 �mol·L�1 and
intra-assay variation of 4.0%. Photometric determination of
hemoglobin (Hb) in whole blood was performed by using
fingertip blood samples taken into special microcuvettes
(HemoCue, Ängelholm, Sweden). Hematocrit (Hct) was
determined from fingertip blood samples by using heparin-
ized microtubes. Hb and Hct were then used to calculate the
�PV (5). Exercise-induced changes in serum TEStot, COR,
and GH levels were corrected for the �PV, as all these
hormones bind to proteins in circulation and concentrate
when plasma volume decreases. The fingertip blood sam-
ples (50 �L) for [La�]b were analyzed enzymatically
(Boehringer Mannheim, Germany). Blood glucose (GLU)
was determined photometrically (HemoCue).

Determination and comparison of exercise load-
ing. The bilateral concentric 1-RM was measured 20 min
before the exercise to determine the exercise load. The range
of movement in the knee joint was 90° (from 90° to full
extension 180°), and it was controlled with a light signal at
the desired extension angle. The 1-RM determination was
performed in all cases with four to six trials. During the
exercise, the desired range of the lower leg movement was
controlled similarly as in the 1-RM measurements. In addi-
tion, the actual displacement of the weight stack during each
extension and flexion was calculated by using the lever arm
angle recordings for the exact determination of the external
work performed (Wext, calculated as the product of the force
and the vertical displacement of the weights). In each move-
ment, cycle both the duration of the extension phase and that
of the lowering of the weights was 1 s. The duration of each
phase was indicated to the subject by auditory feedback.

Electromyographic activity from the vastus lateralis, vas-
tus medialis, and rectus femoris muscles of the right thigh
was recorded during all measurements. The methods of the
EMG measurements and analysis have been presented in
detail previously (27). The mean value of the average EMG
signal amplitudes of the three muscles in the MVC mea-
surement before the exercise was taken for further analysis
to represent the maximal voluntary activation level of the
knee extensor muscles (aEMGmax). A corresponding aEMG
parameter was then calculated for every set of knee exten-
sions and normalized for the preexercise aEMGmax to rep-
resent the level of central command during the exercise
contractions (aEMGexerc).

To evaluate the exercise-induced fatigue, the isometric
MVC of the knee extensor muscles was measured before
and after the exercise. The method of the MVC measure-
ment has been presented in detail previously (27). Three
MVCs were performed before and two after the exercise
with 30 s recovery in between. The best MVC, both before
and after the exercise, was chosen for further analysis.

Heart rate (fc) was recorded telemetrically during the
exercise session using a Polar Vantage NV heart rate mon-
itor (Polar Electro, Kempele, Finland). The highest fc re-
corded during the exercise was taken for further analysis.
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Statistics. The results were analyzed statistically using
multivariate analysis of variance with repeated measures,
and the Newman-Keuls post hoc test was used in the event
of a significant (P � 0.05) F-ratio. The significance level for
the Newman-Keuls test was set at P � 0.05. Statistical
power for different hormone concentration comparisons be-
tween the three groups was also calculated (8). The range of
these statistical power calculations was 0.20–0.82. The
before-after comparisons were done by using the paired
t-test. Before all these analyses, the normality of the data
distribution was tested by using the Kolmogorov-Smirnov
Test. Pearson’s product-moment correlation coefficients
were calculated to evaluate bivariate relationships between
the exercise-induced plasma CA concentration changes
from preexercise and those of the other hormones (�con-
centrations, corrected for the plasma volume change in the
case of serum TEStot, COR, and GH). Results are presented
in means � SD.

RESULTS

The adult men had a significantly higher 1-RM and ex-
ercise load than the women and boys. However, no differ-
ences between the groups were observed in the number of
repetitions performed, in the Wext relative to LBM or in
aEMGexerc (Table 2). No differences between the groups
were also observed in the MVC decrease after the exercise
(boys 15 � 9%, men 25 � 9%, and women 25 � 12%, ns],
and no changes in the aEMGmax were observed in any of the
groups (Table 3). The [La�]b was higher in men than in the
other two groups at the end of the exercise unit, but the
blood GLU concentrations were similar (Fig. 2). No differ-
ences between the groups were observed in the peak fc
during the exercise (boys 179 � 7 bpm, men 164 � 11 bpm,
and women 166 � 13 bpm, NS). Muscle soreness peaked
2 d after the exercise both in men (2.3 � 1.6) and in women
(2.3 � 1.0), whereas the boys reported the highest soreness
ratings already at the testing day (1.5 � 1.2) and almost no
soreness 2 d later (0.3 � 0.8).

The plasma NE and E concentrations are summarized in
Figure 3. No differences between the groups were observed
in the plasma NE level in any part of the exercise, but the E

concentrations tended to be lower and the NE:E ratios
higher in women than in boys and in men. The �E from
preexercise to Emax1 and to Emax2 in boys (5.0 � 2.6 and 3.8
� 2.2 nmol·L�1) were also significantly higher than in men
(2.4 � 0.7 and 2.1 � 0.9 nmol·L�1, P � 0.05, statistical
powers 0.35 and 0.30, respectively) and in women (2.1 �
0.7 and 1.7 � 0.6 nmol·L�1, P � 0.05, statistical powers
0.45 and 0.35). In 15 subjects of 18, the highest E concen-
tration was observed after Emax1.

The serum TEStot and TESfree concentrations were sig-
nificantly higher in men than in the other two groups before
and after the exercise, and they also increased significantly
in response to the exercise only in men. In the morning, no
differences between men and boys were observed (Fig. 4.).
No differences between the groups were observed in the
COR and GH concentrations, although the COR concentra-
tion increased significantly during the exercise only in boys
(Fig. 5.). The �PV tended to be higher in men than in the
other two groups (Fig. 6.), and after the correction for the
�PV, the serum TEStot concentration elevation in men and
those of GH in every group disappeared, but the COR
concentration increase in boys remained significant (P �
0.05). The �COR in boys (0.13 � 0.10 �mol·L�1) was also
higher than in men (�0.05 � 0.06 �mol·L�1, P � 0.05,
statistical power 0.55), but not different from the corre-
sponding change in women (0.02 � 0.13) �mol·L�1). The
�TESfree from preexercise to the end of exercise was higher
in men (11.3 � 6.1 pmol·L�1) than in boys (2.1 � 2.6
pmol·L�1, P � 0.05, statistical power 0.60) and in women
(0.7 � 1.0 pmol·L�1, P � 0.05, statistical power 0.68).

No correlations between the exercise-induced plasma CA
and serum TEStot, TESfree, COR, or GH concentration

TABLE 3. MVC and aEMGmax before and after the knee extension exercise protocol.

Boys Men Women

MVC (N)
PRE 1346 � 275a 1916 � 363 1455 � 202a

POST 1143 � 269* 1411 � 184* 1098 � 263**
aEMGmax (�V)
PRE 358 � 67 356 � 87 278 � 73
POST 430 � 129 383 � 106 304 � 83

Values are means � SD; N � 6 in each group.
Significantly different from PRE * P � 0.05, ** P � 0.01.
Significantly different from men, a P � 0.05.

TABLE 2. 1-RM, exercise load, number of repetitions, Wext, and aEMGexerc in the three subject groups.

Boys Men Women

1-RM (kg) 87 � 23a 154 � 29 103 � 9a

Load (kg) 35 � 9a 63 � 13 42 � 9a

Repetitions
Esubmax 5 � 10 5 � 10 5 � 10
Emax1 23 � 9 21 � 6 24 � 3
Emax2 18 � 3 17 � 4 20 � 4

Wext (J�kg�1 LBM)
Esubmax 271 � 50 331 � 40 322 � 32
Emax1 117 � 31 133 � 33 147 � 29
Emax2 93 � 12 102 � 17 115 � 25

aEMGexerc (% aEMGmax)
Esubmax 60 � 12 51 � 10 58 � 8
Emax1 75 � 14 64 � 8 73 � 11
Emax2 89 � 13 72 � 11 78 � 15

Values are means � SD; N � 6 in each group.
Significantly different from men, a P � 0.05.
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changes at any point of the exercise, or between the corre-
sponding peak changes, could be observed even if the
groups were combined. No correlations between the hor-
monal responses and Wext, aEMGexerc, �MVC, or [La�]b

were observed.

DISCUSSION

Despite the seemingly low exercise load (40% of 1-RM),
the mean repetition number in the last two sets (about 20)
indicates that exhaustion occurred rapidly. This was, how-
ever, expected as a variable-resistance exercise machine was
used. Taking the relatively small active muscle mass (knee-
extensor muscles, bilaterally) into account, the extremely
exhaustive nature of the present exercise protocol is evident
from the mean postexercise [La�]b (8–11 mmol·L�1). The
exercise-induced fatigue was also strong, similar in magni-
tude, and peripheral in nature in every group, as indicated by
the postexercise MVC decrease with no changes in neural
input to the muscles. Therefore, as also no differences in the
repetition number, Wext after normalization for LBM, level
of central command or peak fc during the exercise were
observed between men, women, and adolescent boys it is
obvious that the exercise stimulus was very comparable in

the three groups. Nevertheless, the results may suggest a
stronger stress response to this exercise in boys than in
adults.

No differences in the preexercise activity of the sympa-
tho-adrenergic regulation between the three groups were
observed. In some boys, however, the plasma CA concen-
trations tended to be quite high, possibly due to anxiety
before the exercise. It is difficult to evaluate the influence of
the somewhat short time delay (5 min) between the insertion

FIGURE 2—Mean and SD [La�]b and blood GLU concentrations in
boys, men, and women before (PRE) and after the different parts of the
exercise. The [La�]b after Emax2 is the peak value during an 8-min
recovery period. Blood GLU concentrations measured 5 min and 8 min
after the exercise are not shown, as they did not differ from the those
measured immediately after Emax2. Significantly different from preex-
ercise, a P < 0.05 and c P < 0.001. Significantly different from previous
value, d P < 0.05, e P < 0.01, and f P < 0.001. Significant difference
between the groups, * P < 0.05; N � 6 in each group.

FIGURE 3—Mean and SD plasma NE and E concentrations and NE:E
ratio in boys, men, and women. Significantly different from preexer-
cise, a P < 0.05, b P < 0.01, and c P < 0.001. Significantly different from
previous value, d P < 0.05, e P < 0.01, and f P < 0.001. Significant
difference between the groups, * P < 0.05 (statistical power for E
concentration differences between men and women 0.20–0.25, between
boys and women 0.40–0.55; for NE:E ratios between men and women
0.40–0.60, between boys and women 0.65–0.75); N � 6 in each group.
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of the winged infusion set and blood sampling on the plasma
CA concentrations in these boys. However, in adult men,
plasma NE concentration has been shown to be only slightly
higher immediately after insertion of an intravenous catheter
than as late as 30 min after insertion. In women, both plasma
NE and E concentrations, as well as plasma E concentration
in men, were found to be similar at both sampling times
(24). In the present study, the serum COR concentration also
followed a normal trend for decreasing concentrations from
morning to afternoon in every group (14), despite the dif-
ferent sampling methods. Nevertheless, no objections to
comparisons of hormone concentration changes from pre- to
post-exercise between the three groups may be found.

No differences in the plasma NE concentrations during
the exercise or in the plasma �NE from preexercise were
observed between the three groups in the present study.
However, the plasma NE concentration after an short ex-
hausting half-squatting exercise was recently found to be
significantly lower in adolescent boys than in adult men
(25). The plasma NE concentration has also been shown to
be lower in adolescent boys than in adult men after an
incremental treadmill exercise (22). Although the present
results are based on arterialized back of the hand venous NE
concentrations, which should more reliably reflect the
changes in overall sympathetic activity than the conven-
tional blood sampling from antecubital vein (11) used in the
aforementioned studies, it is difficult to understand how

these different procedures could influence comparisons be-
tween groups. Differences in the exercise type, however,
might explain, at least in part, these conflicting results.
Nevertheless, the present results do not indicate any differ-
ences between the groups in the activation of the sympa-
thetic nervous system during this particular resistance ex-
ercise session.

In spite of the similar plasma NE concentrations, there
were some differences in the plasma E responses between
the groups in the present study. First, although the plasma E
concentration did not increase significantly in any of the

FIGURE 4—Mean and SD serum TEStot and TESfree concentrations
in boys, men, and women. Significantly different from preexercise, a P
< 0.05 and b P < 0.01. Significantly different from previous value, d P
< 0.05. Significant difference between the groups, * P < 0.05 (statis-
tical power for TEStot concentration differences between men and
women 0.45–0.55, between boys and men 0.20–0.25, between boys and
women 0.55; for TESfree concentration differences between men and
women 0.55–0.82, between boys and men 0.30–0.45, and between boys
and women 0.35). Hormone concentrations measured in the morning
after 12-h fasting (REST) are also presented; N � 6 in each group.

FIGURE 5—Mean and SD serum COR and GH concentrations in
boys, men, and women. Significantly different from preexercise, a P <
0.05. Significantly different from previous value, d P < 0. 05 and e P <
0.01. Hormone concentrations measured in the morning after 12 h
fasting (REST) are also presented. N � 6 in each group.

FIGURE 6—Mean and SD percentage plasma volume change (�PV)
in boys, men, and women. The SD for the last mean in women (7.4%)
has been left out for figure clarity. Significantly different from preex-
ercise, *P < 0.05 **P < 0.01, and ***P < 0.001. Significantly different
from men, a P < 0.05 and b P < 0.01; N � 6 in each group.
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groups in the submaximal part of the exercise, the plasma
�E from preexercise after the last two sets were signifi-
cantly higher in boys than in men and in women. Although
the variation in E concentrations in boys was large, and the
statistical power of these differences therefore low (0.30–
0.45), the data may suggest a trend for higher responsive-
ness of the adrenal medulla to same sympathetic input in the
boys than in the adults in response to this particular exercise.
Higher plasma E concentration response to maximal sprint
running in adolescents than adults has also been suggested
(21), although no direct comparison was made in that study.
The second difference between the three groups was the
lower E level in the maximal part of the exercise in women
than in men and in boys. The NE:E ratio was also higher in
women than in men and boys before and throughout the
exercise. However, the exercise-induced �E from preexer-
cise to the last two sets was not different between men and
women. Thus, the results may suggest a difference between
men and women, in their early follicular phase of the men-
strual cycle, in the plasma NE:E ratio during the present
measurements (with a statistical power of 0.65–0.75), but
not in the exercise-induced plasma E concentration increase.
Supporting this latter view, no gender differences in the
plasma E concentration responses were recently observed in
different dynamic knee extension exercise tests performed until
exhaustion, although the phase of the menstrual cycle was not
controlled in that study (26). The present results support an
earlier study showing that the plasma E level may peak during
a high-intensity exercise rather than after it (3). In the present
study, most of the subjects reached the highest E level after the
first set with maximal number of repetitions.

Before calculation of the correlations between the plasma
CA level changes and the changes in the other hormone
concentrations, corrections for the �PV were performed in
the case of TEStot, GH, and COR. The trend for the larger
�PV in men than in the other two groups might be explained
by differences in the accumulation of metabolites within the
exercising muscles. During resistance exercise, accumula-
tion of lactate and other metabolites in the active muscles
increases intracellular osmolality, which lead to fluid fluxes
from vascular to compartment (4,15). In the present study,
the postexercise [LA�]b was clearly higher in men than in
women and boys, suggesting possibly also higher muscle
lactate concentration in men. After the correction for the
�PV, the only difference between the groups was a higher
�COR in boys than in men, both after the submaximal and
maximal part of the exercise (statistical power 0.55). De-
spite the exhaustive nature of the present exercise protocol,
it was not sufficient to markedly increase COR secretion in
the adult subjects or the GH secretion in any of the groups.
However, the GH concentration may still have elevated
during the postexercise recovery (16). The high increase in
serum COR level in the boys is well in line with the high �E
and might be interpreted to reflect a trend for stronger stress
reaction in the boys than in the adults, especially in men.
The present results, however, do not allow us to conclude
the reason for this trend. Level of maturation, anxiety, and
lesser adaptation to resistance exercise may all be important

factors in this respect. No correlations between the exercise-
induced CA and the other hormone concentration increases
could be found in any of the groups, even if the groups were
combined. However, it is of interest that both E and COR
have immunosuppressive effects that may decrease the po-
tential for neutrophil-mediated inflammatory muscle tissue
damage (29). In line with this, muscle soreness, usually
associated with the muscle damage (30), was clearly lower
and occurred earlier in boys than in the adult subjects in the
present study. It has also been shown previously that muscle
soreness ratings in adolescent boys after exhausting resis-
tance exercise may be lower than in adult men (28).

In the present study, significant increases in TEStot and
TESfree levels could only be observed in adult men. Al-
though the �PV could totally explain the TEStot concentra-
tion increase in men, the slight but significant increase in
serum TESfree concentration might suggest an increase in
TES secretion. The actual molar levels of TEStot and TESfree

were also higher in men than in the other two groups
throughout the exercise. However, due to the large variation
in the whole population, the statistical powers of the differ-
ences especially between men and boys were low (0.20–
0.45), and those between men and women only moderate
(0.45–0.82). Nevertheless, these differences might give the
men a benefit in the anabolic adaptation of the muscle tissue
as compared with the other two groups (17). It is also of
interest that no differences between men and boys were
observed in the mean TEStot and TESfree levels in the
morning samples. It is well known that serum TES concen-
tration at rest increases in males with developing puberty
and shows a clear diurnal rhythm, with the highest concen-
trations in early morning (23). Nevertheless, it is obvious
that in the present study, the decrease of TES secretion from
morning to afternoon clearly was stronger in boys than in
adult men. By using the morning TEStot concentrations, all
the boys were estimated to be in pubertal stage 5 on the
Tanner scale (31). However, if the preexercise TEStot con-
centrations were used, only one of them was estimated to be
in that stage, and the others in stages 2 and 3. The reason for
this large variation in TES levels in the boys is unclear.
Nevertheless, this observation is in agreement with a recent
study with slightly older boys (25).

Due to the typical large interindividual variations in the
hormonal concentrations, the subject number should have
been dramatically higher in the present study to increase the
statistical power of the results. Assuming that the variation
in the hormonal concentrations would also be similar in
larger populations, 25 subjects in each group would have
given a statistical power of 0.90 or higher for the observed
differences in E and COR increases between the boys and
adults (8). Nevertheless, the results of the present study did
not demonstrate any differences in the plasma NE concen-
tration changes between men, boys, and women in response
to resistance exercise with identical relative intensity in each
group. By taking the high interindividual variability into
account, however, the plasma E response to the sets per-
formed until exhaustion clearly tended to be higher in boys
than in the adult subjects, suggesting a higher responsive-
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ness of the adrenal medulla to the same sympathetic input in
the former. Also, the serum COR response was higher in the
boys than in men, but no association between the CA con-
centration increases and the other hormonal responses were
observed in any of the groups.
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24. PLUTO, R., and P. BüRGER. Normal values of catecholamines in
blood plasma determined by high-performance liquid chromatog-
raphy with amperometric detection. Int. J. Sports Med. 9:S75–S78,
1988.

25. PULLINEN, T., A. MERO, E. MACDONALD, A. PAKARINEN, and P. V.
KOMI. Plasma catecholamine and serum testosterone responses to
four units of resistance exercise in young and adult male athletes.
Eur. J. Appl. Physiol. 77:413–420, 1998.

26. PULLINEN, T., C. NICOL, E. MACDONALD, and P. V. KOMI. Plasma
catecholamine responses to four resistance exercise tests in men
and women. Eur. J. Appl. Physiol. 80:125–131, 1999.

27. PULLINEN, T., P. HUTTUNEN, and P. V. KOMI. Plasma catecholamine
responses and neural adaptation during short-term resistance train-
ing. Eur. J. Appl. Physiol. 82:68–75, 2000.

28. SOARES, J.M.C., P. MOTA, J. A. DUARTE, and H. J. APPELL. Children
are less susceptible to exercise-induced muscle damage than
adults: a preliminary investigation. Pediatr. Exerc. Sci. 8:361–
367, 1996.

29. SMITH, J. A. Exercise immunology and neutrophils. Int. J. Sports
Med. 18:S46–S55, 1997.

30. SMITH, L. L. Acute inflammation: the underlying mechanism in
delayed onset muscle soreness? Med. Sci. Sports Exerc. 23:542–
551, 1991.

31. WINTER, J. S. D. Prepubertal and pubertal endocrinology. In:
Human Growth 2–Postnatal Growth, F. Falkner and J. M. Tanner
(Eds.). New York: Plenum Press, 1978, pp. 183–213.

HORMONAL RESPONSES TO RESISTANCE EXERCISE Medicine & Science in Sports & Exercise� 813


