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Abstract

Introduction: There is a little information about the effect of
rest period length on hormonal adaptation. The purpose of
this study was to investigate the effect of short ws. long rest
period between the sets in resistance training on testosterone
to cortisol ratio (Ts / Co ratio).

Material € Methods: Sixteen experienced, weight trained men
volunteered to participate in the study. Subjects were
randomly assigned to either a short (30 second; P30) or long
(120 second; P120) rest period group. During the first 2
weeks of training, 3 sets of 10-12 repetition maximum (RM)
with 120 second rest intervals between sets and exercises
(hamstring with machine, squat, dead lift and leg press) were
performed by both groups. During the next 6 weeks of
training, the P120 group trained using 120 second between
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sets and exercises (4 sets of 8-10RM), and the P30 group
trained using 30 second between sets and exercises as the 6
weeks of training progressed (4 sets of 810RM). Blood
samples were taken at baseline, immediately and 30 min after
the last session of training for measurement serum Ts and Co
concentrations.

Results: The results indicated that Ts/Co ratio had tendency
to increase immediately after last session of resistance
training in P30 and P120 group however no significant
differences were observed between these groups. The Ts/Co
ratio at post exercise was higher but not significance in the
P120 in compare to the P30.

Conclusion: Our results suggested that there is no significant
difference in Ts/Co ratio after short or long rest period
between the sets in resistance training.

Keywords: Recovery time, Resistance training, Hypertrophy,
Testosterone, Cortisol

1. Introduction

Resistance training has become one of the most popular physical
activities for increasing characteristics such as absolute muscular
strength, hypertrophy and muscular power. The acute training program
variables including exercise order, rest periods between sets, exercises
sessions, weekly frequency, speed of movement, training duration and
volume, number of repetitions and sets, load, or intensity can all be
manipulated to meet training goals and address individual differences in
training needs and goals (1-4). For efficient, safe and effective training, it
is of utmost importance to understand the interaction among training
variables, which might include the intensity, number of sets, rest interval
between sets, exercise modality and speed of muscle action. It appears
that manipulation of these training variables can influence hormonal and
biological responses to training and then training results (5,6).

The ratio between the concentration of testosterone and cortisol (Ts / Co
ratio) is frequently used as an index of the stress level in exercise
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training. Changes in this ratio are responsible for several training
responses such as hypertrophy and strength gain (7,8). Furthermore,
there is some evidence suggest that the Ts/Co ratio would be a
physiological indicator of overtraining in heavy load exercise training,
but it is not enough for prediction of overtraining syndromes (9,10).
Previous studies have indicated that Ts and Co responses to resistance
exercise are affected by several variables such as intensity, volume,
duration, rest periods, and muscle mass involvement (11,12).

Researches have indicated that the rest interval between sets is an
important variable that affects both acute responses and chronic
adaptations to resistance exercise programs (13,14). However, response of
Co and Ts to different rest interval is unclear. Rahimi et al. (2011)
reported that the Ts/Co ratio at post exercise was significantly higher
in 120 second (s) than 60 s and 90 s, but no difference was found
between 60 s and 90 s (15). In another study Rahimi et al. (2010) has
demonstrated that serum Ts concentrations were significantly higher in
120 and 90 s of rest interval between sets compared to 60 s in men (16).
However, Buresh et al. (2009) showed that concentration of both Co and
Ts with short rest interval (1 min) was more than long rest interval (2.5
min) after 1 week resistance training in untrained men (17). Ahtiainen et
al. (2005) observed no significant differences in acute effect of short (2
min) and long (5 min) rest interval on concentrations of serum total Ts,
free Ts, and Co (18). The purpose of this study was to compare the
effect of short vs. long rest period between the sets in resistance training
on Ts / Co ratio in weight trained men.

2. Material & Methods

Subjects

Sixteen men with at least 2 years of recreational resistance training
experience participated as subjects in the study. All subjects answered
the Physical Activity Readiness Questionnaire (PAR-Q), and signed an
informed consent form before participation in the study according to the
Declaration of Helsinki. Subjects were randomly assigned to either a
short (30 second; P30, n=8) or long (120 second; P120, n=8) rest period
group. The study was approved by the Islamic Azad University,
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Marvdasht branch Ethics Committee. Subjects were on their ordinary
diet, not permitted to use nutritional supplementation and did not
consume anabolic steroids or any other anabolic agents known to
increase performance.

Resistance training program

During the first 2 weeks of training, 3 sets of 10-12 repetition maximum
(RM) with 120 s rest intervals between sets and exercises (hamstring
muscle training with machine, squat, dead lift and leg press) were
performed by both groups. During the next 6 weeks of training, the P120
group trained using 120 s between sets and exercises (4 sets of 8-10RM),
and the P30 group trained using 30 s between sets and exercises as the 6
weeks of training progressed (4 sets of 8-10RM).

Measurements

One-Mazimum Repetition Test

Maximal strength was assessed by using one repetition maximum (1RM)
(19,20). Warm-up consisted of a set of five repetitions at the loads of 40-
50% of the perceived maximum. An attempt was considered successful
when the movement was completed through a full range of motion
without deviating from proper technique and form.

Biochemical analyses

Blood samples were taken at baseline, immediately and 30 min after the
last session of training for measurement serum Ts and Co concentrations.
Blood samples (5 ml) were collected into tubes from the antecubital fossa
using standard venipuncture techniques and serum obtained was frozen
at —22 °C for subsequent analysis. Co and Ts concentrations were
measured using an enzyme-linked immunosorbent assay (ELISA) kits
(Monobind Inc; USA).

Statistical analysis
Results were expressed as the mean 4+ SD and Shapiro-Wilk Test was

applied to evaluate the normal distribution of variables. Two-way
analysis of variance with repeated measures (2x3) was used to compare
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blood samples for the different programs, followed by a Bonferroni post
hoc test where appropriate. Statistical evaluation was performed with
SPSS 17.0 for windows and the significance level of the study was set at
P<0.05.

3. Results

Ts and Co concentration and Ts/Co ratio at baseline and immediately
and 30 min after the last session of training is presented in Table 1. The
results indicated that Ts / Co ratio had tendency to increase immediately
after last session of resistance training in P30 and P120 group however
no significant differences were observed between these groups. The
Ts / Co ratio at post exercise was higher but not significance in the P120
in compare to the P30.

Table 1. Changes of Ts and Co concentration and Ts / Co ratio during the study

Groups Baseline Immediately after 30 min after P value
Testosterone (mg/dl)

P30 0.48 £ 0.1 0.46 £+ 0.1 0.34 + 0.1%* P — 0.00L
P120 0.42 4+ 0.1 0.40 + 0.1 0.37 £ 0.1 ’
Cortisol (mg/dl)

P30 179 £ 5.3 15.3 £ 5.0 13.5 + 4.2 P — 013
P120 17.5 4+ 7.2 13.5 + 4.6 114 4 2.4* '
Ts / Co ratio

P30 0.02 + 0.01 0.03 £+ 0.01 0.02 4+ 0.01 P — 091
P120 0.02 4+ 0.009 0.03 4+ 0.008 0.03 & 0.007

* Significant differences with baseline
1 Significant differences between groups

4. Discussion

Resistance exercise is the most effective way for achieving acute increase
in the concentration of anabolic hormones, which in turn stimulates
strength and muscle hypertrophy (21,22). Resistance exercise has been
shown to induce acute hormone responses, which are dependent on the
type of exercise protocol, i.e., intensity (load) of exercise, number of sets
and repetitions per set, length of rest periods between sets, and muscle
mass involved (3,4).
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The aim of present study was to investigate the effect of short vs. long
rest period between the sets in resistance training on Ts/Co ratio.
Therefore, experienced weight trained men have performed a resistance
training protocol (4 sets of 8-10RM) with different rest intervals of 30
and 120 seconds between the sets. Our results indicated that Ts/Co
ratio had tendency to increase immediately after last session of resistance
training in P30 and P120 group however no significant differences were
observed between these groups. The Ts /Co ratio at post exercise was
higher but not significance in the P120 in compare to the P30. In line
with our results, Ahtiainen et al. (2005) also reported that there were no
significant differences in acute effect of short or long rest interval on
concentrations of Ts and Co (18); while, Rahimi et al. (2010) and Rahimi
et al. (2011) reported that the Ts / Co ratio and serum Ts concentrations
were significantly higher in 120 second (s) than 60 s of rest interval
between sets in men (15,16). Buresh et al. (2009) also showed that Co
and Ts concentration with short rest interval was more than long rest
interval after 1 week resistance training in untrained men (17). These
discrepant results may be attributed to the subjects training status,
exercise protocol and the subject populations.

Ts have been known as hormones involved in anabolic processes in
muscle cells (16). Therefore, this hormone may instigate an increase of
muscle mass. Our data revealed that the Ts/ Co ratio at post exercise
was higher in the P120 in compare to the P30 however it was no
significant statistically. This is due to reduce of Co in P120 more that
P30 and reduce of Ts in P30 more that P120 after the intervention. Co
secretion responds quite rapidly to various stresses (e.g. exercise,
hypoglycemia, surgery, etc.), typically within minutes (15). Bottaro et al.
(2009) reported that Co concentrations were not different among three
resistance exercise protocol with 30, 60 and 120 s rest durations between
sets (23). On the other hand, Gotshalk et al. (1997) reported that three
sets versus one set of resistance exercises resulted in a greater Co
increase (24). They have demonstrated that shorter rest intervals are
associated with an increased Co response after resistance training. The
mechanisms responsible to decrease Co concentrations in our study may
be due to hormonal and metabolic adaptation in response to 8 weeks
resistance training.
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5. Conclusion

The present study indicated that, within resistance training protocol
used in the present study, the length of the recovery times between the
sets (30 vs. 120 second) did not have an influence on Ts / Co ratio.
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