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Аnnotations:
Purpose: The purpose of the 
present study was to determine 
the appropriate rest time between 
sets during weight training with 
light load. Material: Seventeen 
cadet wrestlers (age =16.7±0.6 
yrs.; height =169.2±8.2 cm; and 
weight =51.4±7.9 kg) were recruited 
from wrestling clubs in the Iranian 
province of Kurdistan and served 
as subjects in this study. This study 
was conducted over seven sessions 
with 48 hours recovery between 
sessions. In the first session, the 
characteristic features of subjects 
were recorded and the one repetition 
maximum in the bench press test 
was determined for each subject. 
On 6 separate occasions, subjects 
performed a 4 set of bench press 
at 60% 1RM with a 90 and 240 
seconds rest interval until volitional 
fatigue. The numbers of repetition 
performed by the subjects, and also, 
cortisol and testosterone levels and 
1RM were recorded. The results 
showed that there was a significant 
difference in the sustainability of 
repetitions during 4 sets bench press 
with 60 % load between 90 and 240 
seconds rest intervals (rest interval 
effect) (p<0.05) as well as with 90% 
load. Results: Additionally, there 
was a significant difference in the 
sustainability of repetitions during 
4 sets bench press in 90 and 240 
seconds rest intervals, both, between 
light and heavy loads (load effect). 
Plasma cortisol concentrations 
significantly increased after all bench 
press trials. Also, the rest interval 
effect was statistically significant in 
both 60 % and 90% load trials. But, 
the load effect was only statistically 
significant in 90 seconds rest 
interval trial (p<0.05). In contrast, 
plasma testosterone concentrations 
significantly increased after 4 sets 
bench press only in 90 seconds rest 
interval with heavy load and 240 
seconds rest interval with light load 
(p<0.05). Accordingly, testosterone 
to cortisol (T:C) ratio were significantly 
decreased after 4 sets bench press 
in 90 seconds rest interval with light 
load and 240 seconds rest interval 
with heavy load. Also, load effect 
was statistically significant only in 
90 seconds rest interval trials and 
rest interval effect was statistically 
significant only in heavy load trials 
(p<0.05). Conclusions: Based on 
these results it can be concluded 
that when resistance training with 
light loads, higher resting interval 
(240 seconds) may be provides 
a better anabolic environment for 
muscle growth and keep the training 
intensity.

Паям Мохамад-Панахі, Хаді Рохані, На-
від Лотфі. Гормональні реакції на різні 
інтервали відпочинку під час силових 
тренувань з невеликими навантажен-
нями. Мета: визначити оптимальний 
час відпочинку між підходами під час 
силового тренування з легким наванта-
женням. Матеріал: 17 кадетів борців (вік 
16,7 ± 0,6 років ; зрост 169,2 ± 8,2 см; вага 
51,4 ± 7,9 кг) були набрані з борцівських 
клубів в іранській провінції Курдистан і 
служили в якості суб’єктів в даному до-
слідженні. Дане дослідження було прове-
дено протягом семи сесій з 48 годинним 
відновленням у період між сесіями. У 
першій сесії були записані індивідуальні 
показники спортсменів і був визначений 
для кожного суб’єкта максимальний по-
казник одного повторення в стендових 
випробуваннях. У 6 окремих випадках 
суб’єкти 4 рази не виконали жим лежачи 
(60 % від 1 максимального повторення, 
від 90 і до 240 секунд – інтервал відпо-
чинку) до вольової втоми. Число повто-
рень кожного спортсмена, а також рівень 
кортизолу і тестостерону були записані. 
Результати: результати показали, що 
існує значна різниця у стійкості повто-
рень протягом 4 підходів з 60 % наван-
таженням і інтервалом відпочинку від 90 
до 240 секунд (інтервал відпочинку ефек-
тивний, р < 0,05 ), а також з 90 % наван-
таженням. Крім того, існує значна різниця 
у стійкості повторень протягом 4 підходів 
у жимі лежачи з інтервалом відпочинку 
від 90 і до 240 секунд між легкими і вели-
кими навантаженнями (ефект наванта-
ження). Концентрація кортизолу значно 
збільшується після всіх прес – стендових 
випробувань. Крім того, в інших інтер-
валах ефект був статистично значущим 
в обох випробуваннях навантаження 60 
% і 90 %. Але, ефект навантаження був 
статистично значущим тільки при 90 се-
кундній перерві (р < 0,05 ). На відміну від 
цього, концентрація тестостерону значно 
зросла після 4 підходів у жимі лежачи при 
90 секундному інтервалі відпочинку при 
великих навантаженнях і при 240 секунд-
ному інтервалі відпочинку при невелико-
му навантаженні (р < 0,05 ). Відповідно, 
коефіцієнт співвідношення тестостерон – 
кортизол ( Т: С) значно скоротився після 
4 підходів у жимі лежачи при 90 секунд-
ному інтервалі відпочинку при невелико-
му навантаженні і при 240 секундному 
інтервалі відпочинку з великим наванта-
женням. Крім того, ефект навантаження 
був статистично значущим тільки при 
90 секундному відпочинку. Співвідно-
шення інтервал і відпочинок ефект був 
статистично значущим тільки в тестах з 
великим навантаженням (р < 0,05 ). Ви-
сновки: на підставі цих результатів можна 
зробити висновок, що при тренуваннях з 
опором у вигляді невеликих навантажень 
інтервал відпочинку в 240 секунд і вище 
забезпечує кращу анаболічне середови-
ще для росту м’язів і підтримки інтенсив-
ності тренування.

Паям Мохамад-Панахи, Хади Рохани, 
Навид Лотфи. Гормональные реакции 
на разные интервалы отдыха во время 
силовых тренировок с небольшими на-
грузками. Цель: определить оптимальное 
время отдыха между подходами во время 
силовой тренировки с легкой нагрузкой. 
Материал: 17 кадетов борцов (возраст 
16,7 ± 0,6 лет; рост- 169,2 ± 8,2 см; вес = 
51,4±7,9 кг) были набраны из борцовских 
клубов в иранской провинции Курдистан 
и служили в качестве субъектов в дан-
ном исследовании. Данное исследование 
было проведено в течение семи сессий с 
48 часовым восстановлением в период 
между сессиями. В первой сессии были 
записаны индивидуальные показатели 
спортсменов и был определен для каж-
дого субъекта максимальный показатель 
одного повторения в стендовых испыта-
ниях. В 6 отдельных случаях субъекты 
4 раза не выполнили жим лежа (60% от 
1 максимального повторения, от 90 и до 
240 секунд – интервал отдыха) до воле-
вой усталости. Число повторений каждого 
спортсмена, а также уровень кортизола и 
тестостерона были записаны. Результа-
ты: результаты показали, что существует 
значительное различие в устойчивости 
повторений в течение 4 подходов с 60%-
ной нагрузкой и интервалом отдыха от 
90 до 240 секунд (интервал отдыха эф-
фективный, р < 0,05), а также с 90%-ной 
нагрузкой. Кроме того, существует значи-
тельная разница в устойчивости повторе-
ний в течение 4 подходов в жиме лежа с 
интервалом отдыха от 90 и до 240 секунд 
между легкими и большими нагрузками 
(эффект нагрузки). Концентрация кортизо-
ла значительно увеличивается после всех 
пресс- стендовых испытаний. Кроме того, 
в остальных интервалах эффект был ста-
тистически значимым в обоих испытаниях 
нагрузка 60 % и 90%. Но, эффект нагрузки 
был статистически значимым только при 
90 секундном перерыве (р <0,05). В отли-
чие от этого, концентрация тестостерона 
значительно возросла после 4 подходов в 
жиме лежа при 90 секундном интервале 
отдыха при больших нагрузках и при 240 
секундном интервале отдыха при неболь-
шой нагрузке (р <0,05). Соответственно, 
коэффициент соотношения тестостерон 
– кортизол (Т : С) значительно сократил-
ся после 4 подходов в жиме лежа при 90 
секундном интервале отдыха при неболь-
шой нагрузке и при 240 секундном интер-
вале отдыха с большой нагрузкой. Кроме 
того, эффект нагрузки был статистически 
значимым только при 90 секундном отды-
хе. Соотношение интервал и отдых эф-
фект был статистически значимым только 
в тестах с большой нагрузкой ( р <0,05). 
Выводы: на основании этих результатов 
можно сделать вывод, что при трениров-
ках с сопротивлениями в виде небольших 
нагрузок интервал отдыха в 240 секунд и 
выше обеспечивает лучшую анаболиче-
скую среду для роста мышц и поддержа-
ния интенсивности тренировки.

Key words:
rest interval, training load, resistance 
training.

інтервал відпочинку, тренувальна на-
вантаження, тренувальна протидія.

интервал отдыха, тренировочная на-
грузка, тренировочное противодей-
ствие.
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Introduction1

In recent years, one of the important issues that have 
attracted the attention of many researchers is the optimum 
recovery time in exercise training and sports competition. 
Due to the nature of the sports and different needs of 
fitness, there is a specific training method for obtaining 
the necessary preparations for any sport [4]. Among the 
training factors, the rest interval time between workouts 
is a key element of success in any training program [3].

Recovery or return to the base state is the time between 
the end of a workout or strenuous activity and the next 
activity or in other words, the duration between the end of 
one activity and the start next break [15].

Due to the great diversity of sports, the optimal 
recovery time varies between different fields. Therefore, 
athletes should train with different methods based on the 
nature of their sport and the need for strength, endurance 
and speed. 

Weight training in many sports is important for 
improving physical fitness factors. Hence, athletes to 
achieve the desired level of performance and increase 
overall physiological abilities, should use strength-
endurance training. According to many studies in the 
past two decades, rest interval and a proper recovery 
time between activities is one of the main factors for the 
success of any training program [6, 15, 17]. In the absence 
of adequate rest and recovery, athletes will not benefit 
from the full effect of exercise. 

There has been enough information about the optimal 
weights, repetitions and sets in weight training programs. 
Much research was done in the area of weight training 
based on principles of overload, resistance and features. 
De Salles et al (2009) studied the rest interval between 
sets in strength training [6]. They reported that resting 
3-5 minutes between sets produced greater increases in 
absolute strength, due to higher intensities and volumes 
of training. Furthermore, they reported that higher levels 
of muscular power were demonstrated over multiple sets 
with 3 or 5 minutes versus 1 minute of rest between sets. 
Jensen and Ebben (2003) studied the kinetic analysis of 
complex training rest interval effect on vertical jump 
performance [9]. They showed that to optimize jump 
performance it appears that athletes should not perform 
jumps immediately following resistance training. It may 
be possible that beyond 4 minutes of recovery performance 
could be enhanced. Robinson et al (1995) investigated the 
effects of different weight training exercise/rest intervals 
on strength, power, and high-intensity exercise endurance 
[20]. They showed that except for maximum strength, 
adaptations, to short-term, high-volume training may not 
be dependent on the length of rest intervals. Matuszak 
et al (2003) studied the effect of rest interval length on 
repeated 1 repetition maximum back squats [13]. They 
reported that indicate that 1-minute rest intervals are 
sufficient for recovery between attempted lifts during 
1RM testing or training for the free-weight back squat 
when involving lifters of this caliber. Willardson et al 
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(2006) investigated the effect of rest interval length on 
bench press performance with heavy vs. light loads [25]. 
They showed that when the training goal is the maximal 
strength development, 3 minutes of rest should be taken 
between sets to avoid significant declines in repetitions. 
The ability to sustain repetitions while keeping the 
intensity constant may result in a higher training volume 
and consequently greater gains in muscular strength. 
Rahimi (2005) studied the effect of different rest intervals 
on the exercise volume completed during squat bouts 
[17]. He reported that the 5-minute rest condition resulted 
in the highest volume completed, followed in descending 
order by the 2- and 1-minute rest conditions. The ability 
to perform a higher volume of training with a given load 
may stimulate greater strength adaptations. 

In recent years, several studies have examined the 
effect of exercise loads, number of repetitions and sets 
discussed. However, there is no general consensus about 
rest periods between sets. Furthermore, the period of rest 
between weight training sessions are different in strength 
and endurance sports. Therefore, the purpose of the 
present study was to determine the appropriate rest time 
between sets during weight training with light load.

Methods
Subjects
Seventeen cadet wrestlers were recruited from 

wrestling clubs in the Iranian province of Kurdistan and 
served as subjects in this study. They all had at least 3 
years training experience and were representative of 
the top wrestlers of Kurdistan competing in national 
competitions. Before participating, the subjects’ parents 
were informed of the potential risks and gave their written 
informed consent for their children to participate in this 
study, which was consistent with the human subject 
policy of the University of Guilan Research Center. 
Subject characteristics were as follows (mean ± SD): 
age =16.7±0.6 yr; height =169.2±8.2 cm; and weight 
=51.4±7.9 kg. 

This study was conducted over seven sessions with 
48 hours recovery between sessions. In the first session, 
the characteristic features of subjects were recorded and 
the one repetition maximum in the bench press test was 
determined for each subject. On 6 separate occasions, 
subjects performed a 4 set of bench press at 60% 1RM with 
a 90 and 240 seconds rest interval until volitional fatigue.

The numbers of repetition performed by the subjects 
were recorded. 5 ml blood was drawn from the antecubital 
vein before and 5 minutes after exercise and transferred 
immediately to the lab for assessing blood testosterone 
and cortisol levels. Serum levels of testosterone and 
cortisol were measured by radioimmunoassay (RIA) 
using the commercial kit (IM1119, IMMUNOTECH) 
and (IMMUNOTECH, IM1841). The one-repetition 
maximum (1RM) of subject measured by bench press test 
and Brzycki formula:
1RM=weight (kg) × (1.0278-(0.0278 ×repetition)) [18].

Statistical Methods
All descriptive data are expressed as means ± SD. 

Data were analyzed using ANOVA with repeated measure 
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and Bonferroni post hoc test. Statistical analysis was 
conducted using SPSS 16.0 for Windows.

Results
The results of sustainability of repetition, Cortisol 

concentrations, Testosterone concentrations, and 
Testosterone to Cortisol (T: C) ratio during 4 sets bench 
press in different trails are shown in Fig 1. There was a 
significant difference in the sustainability of repetitions 
during 4 sets bench press with 60 % load between 90 and 
240 seconds rest intervals (p<0.05; Fig 1-A). 

Plasma cortisol concentrations significantly increased 
after both bench press trials. Also, the rest interval effect 
was statistically significant in 60 % load trial (p<0.05; 
Fig 1-B). In contrast, plasma testosterone concentrations 
significantly increased after 4 sets bench press only in 240 
seconds rest interval with light load (p<0.05; Fig 1-C). 
Accordingly, testosterone to cortisol (T:C) ratio were 
significantly decreased after 4 sets bench press in 90 
seconds rest interval (p<0.05; Fig 1-D).

Discussion 
One of the experimental methods to evaluate the 

physically and mentally state of athletes is the investigation 
of the anabolic and catabolic hormones changes during 
exercise. In this context, the role of cortisol as a primary 
catabolic hormone is important. It has been suggested that 
cortisol changes in response to exercise and, mental and 
physical stress [12].

Our results showed that plasma cortisol concentrations 
increased significantly after 4 sets bench press exercise 
with 90 and 240 seconds rest intervals between sets with 

light and heavy loads. Interestingly, mean changes were 
significantly higher in 90 seconds rest interval with 60% 
load in compare to 90% load.

It is reported that changes in core temperature during 
exercise can affect plasma cortisol levels and there is a 
direct correlation between core temperature and cortisol 
levels [5]. Furthermore, other researchers showed that 
exercise is a powerful stimulant for the central nervous 
system (CNS) and hypothalamic-pituitary-adrenal axis 
[1]. 

Moreover, other authors reported that increase in core 
temperature during exercise via stimulating hypothalamic-
pituitary-adrenal axis increases cortisol values [23]. If you 
don’t get sufficient rest between workouts, this hormone 
will change in a way that puts your body in a catabolic 
state. Cortisol is a catabolic and steroid hormone which is 
largely involved in regulation of metabolism and the body’s 
response to exercise stress. However, long-term elevation 
will cause the problems that immune system disorders and 
protein degradation are most important of these [24]. 

Cortisol changes during exercise training are explained 
by different mechanisms. In the high intensity exercise, 
a 2-fold increase in plasma cortisol is observed, which 
is due to the increased hormone secretion rather to the 
excretion [10]. 

The intensity and duration of physical activity are 
important factors that affect cortisol response. In the 
exercise with intensity of higher than 60 % maximum 
oxygen consumption, the levels of this hormone is 
increased [10]. 

Fig 1. Means and standard deviations of (A) Sustainability of repetition, (B) Cortisol concentrations, 
(C) Testosterone concentrations, and (D) Testosterone to Cortisol (T:C) ratio, during 4 sets bench 

press in different trails. *, Significant difference between line-delineated trails; p<0.05.
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Although, more increase in cortisol level in 240 seconds 
in compare to 90 seconds rest interval is unaccountable in 
heavy load trials, using light load, lower the rest interval 
resulted in higher cortisol levels in current study. Many 
factors such as stress, physiological circadian rhythm and 
body temperature affects on the acute cortisol response to 
exercise [10]. 

We observed that mean plasma testosterone 
concentrations do not change significantly after 4 sets 
bench press with light load and 90 seconds rest interval, 
as similar as, with heavy load and 240 seconds rest 
interval. In contrast, as mentioned above, cortisol level 
has significantly increased in these trials. Since cortisol 
is the inhibitor of testosterone secretion and the level of 
this hormone increased, it is expected that in this rest 
intervals, testosterone does not change significantly [7].

 On the other hand, it is known that skeletal muscle 
fibers have specific androgen receptors that can remove 
these hormones from the circulation and cleansing by 
the increase in the metabolism of these. Therefore, in the 
present study, may be increased removal of testosterone by 
muscle result in increased insignificant testosterone [2, 21]. 

As a result of cortisol and testosterone changes, 
the testosterone to cortisol ratio, a criteria for balance 
of anabolic-catabolic processes [14, 22], significantly 
changed in those trials that testosterone has no significant 
changes, i.e. light load with 90 s rest interval and heavy 
load with 240 s rest interval.

Mechanisms underlying testosterone changes 
following physical activity is not well understood. 
However, one of the possible mechanisms that proposed 
for testosterone changes is shifts in blood volume [16]. If 
blood volume reduced during physical activity is likely 
that increased blood viscosity and increase›s hormone 
was unreal.

Based on the intensity and duration of physical 
activity, temporary changes occur in the balance of 

anabolic-catabolic processes. Repetitive exercises without 
adequate and appropriate recovery can cause prolonged 
irregularities in the balance of anabolic-catabolic 
processes [8, 11]. Furthermore, this ratio decreases with 
increasing intensity and duration of exercise [8]. 

The results showed that the testosterone to cortisol 
ratio has significantly changed after 4 sets of bench press 
with 90 seconds rest interval. Although, increased the 
levels of testosterone and cortisol, both, the testosterone 
cortisol ratio was significantly reduced due to higher 
levels of cortisol in compare to testosterone.

Finally, the ability to maintain repetitions of bench 
press is higher in long vs. short rest intervals. It is possible 
that insufficient time for recovery and reconstruction 
energy stores and waste disposal in the short rest intervals 
is the main cause. It can be concluded that in the situations 
that muscle hypertrophy is a goal; it can be obtained by 
assigning a long time rest interval and heavy load in 
resistant exercise training.

Overall, the results indicated that the Sustainability of 
repetition, Testosterone concentration and testosterone to 
cortisol ratio in training with light load and rest intervals 
of 240 seconds was more than 90 seconds. Also, the 
cortisol concentration in 240 seconds resting interval 
was less than 90 seconds resting interval. Based on these 
results it can be concluded that when resistance training 
with light loads, higher resting interval (240 seconds) 
may be provides a better anabolic environment for muscle 
growth and keep the training intensity.
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