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ABSTRACT
Background & Objectives: Endocrine hormones, through their anabolic or catabolic function, 
contribute in body homeostasis. They can be used to assess the physical performance in athletes. 
This study was performed to determine the resistance training (RT) influences on serum cortisol 
and dehydroepiandrosterone in trained young females.
Materials & Methods: The study population consisted of 36 women (20-25 years) divided into 2 
experimental groups (A, B) and control group (C). Experimental groups were scheduled to do 
8-week incremental RT program, intermittently (A) or continuously (B), through alterations in 
the prescribed training velocity. Two days before starting and after ending of program, in a testing 
session of RT with the intensity of 20% one repetition maximum strength, blood samples for 
measuring cortisol and dehydroepiandrosterone were obtained (a pre-post test design). The SPSS 
version 16 was used for statistical analyses.
Results: Serum cortisol of experimental groups showed significant decline (P=0.002 in each group) 
without significant difference between two groups, while, DHEA and DHEA/Cortisol ratio had 
significant increase (all P =0.001) with no significant difference between two groups at both stages.
Conclusion: With considering the role of RT in establishing an anabolic status following exercise, 
it seems that young women can use different types of RT to improve their physical performance. 
This conclusion needs more researches regarding RT.
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Introduction 

Endocrine system plays an important 
role in maintaining the body integration 
and homeostasis. Hormones in 

conjunction with central nervous system affect 
on almost all physiological functions.  Hormonal 
assays, particularly anabolic (testosterone or 
dehydroepiandrosterone) and catabolic (cortisol) 
hormones, have been suggested as valuable 
indicators of the exercise intensity and work-
load, so that the ratio between anabolic and 
catabolic hormones has been used to determine 
the readiness status of the individuals (1). 

Cortisol is the major adrenocortical steroid and 
dehydroepiandrosterone (DHEA), as another 
adrenocortical steroid, affects on some tissues 
after transformation to testosterone or estrogen 
(1-3). Physical activity, as an inevitable necessity, 
results in physiological adaptations that influence 
on hormonal system. On the other hand, 
resistance training has been recently considered 
by many people, particularly women, to achieve 
physical fitness. Thus, exercise stress indicators 
can help to better designing of the exercise 
protocols. If the exercise workload exceeds the 

physiological capacity of athletes (over-training), 
their functional performance not only will not 
improve but also will be undermined. 

There are few studies regarding the hormonal 
responses after resistance training, particularly 
in women. Therefore, this study was conducted 
to evaluate the effects of resistance training on 
serum cortisol and DHEA levels in trained young 
women.

Materials and Methods 

The subjects 
The study population was composed of 36 
trained female students, aged 20 to 25 years, 
who had informed consent for participation. 
They were non smoker and healthy, based on 
medical history, physical examination and 
laboratory records in a questionnaire, and had 
regular practice around 6.0 ± 0.55 hours per 
week during the past two years. The participants 
randomly assigned into 2 experimental groups 
including: intermittent (A), and continuous (B) 
resistance training groups and control (C) group 
(n=12, each) that their physical characteristics 
have been summarized in Table 1.

Effects of Resistance Training on Serum Cortisol and ...

Table 1- Physical characteristics of the participants
 

BMI (kg/m2)VO2max(ml/kg/min)Height (cm)Weight (kg)Age (yr)No.

21.8 ± 1.5138.4 ±1.54161 ± 4.4956.53 ± 6.4122.19 ± 1.8136
Values are mean ± SD

Training protocol
One week before implementing the study, the 
participants got familiarized with the training 
protocol in a meeting. In this meeting, some 
strength movements were introduced to the 
participants and their height, weight, body 
mass index, maximal oxygen consumption and 
one repetition maximum strength (1RM) were 
measured (Table 1). The 1RM (maximum weight 

that an individual can lift once) was calculated 
separately using the Brzycki formula: 1RM = the 
amount of weight / (1.0278 – (0.0278 × number of 
repetitions)) related to each movement (4). Two 
days before the study, the experimental groups 
met in a testing session with the intensity of 20% 
of 1RM, while blood samples were obtained at 
pre-training1 and post-training1 (0 and 2 hours) 
stages. The participants performed the training 
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protocol (3 days/week) during 8 weeks with an 
increasing intensity rate of 5% of 1RM per week 
from 20% to 55%. 

Each training session included 2 circuits. Each 
circuit contained 7 movements of chest press; leg 
press; and forearm, foreleg, hind arm, hamstrings 
and lateral stretching. The time period was 2.5 
min for each movement. There were 2-minte and 
1-minute resting intervals between 2 circuits and 
2 movements, respectively.

 Indeed, the total time for each session was 65 
minutes which included a 10-min light warming 
up, RT protocol for 47 minutes and a cool down 
exercise for 5-10 minutes. Group B performed 
each movement with a constant speed (V=one 
attempt per 2.5 seconds), continuously. Group A 
were asked to do each movement with different 
speed (2V for 10 and ½V for 20 seconds), 
intermittently. The speed of movements was 
controlled by a metronome.

 Two days after termination of training workouts, 
following an effort of 20% of 1RM, similar 
blood samples were collected as pre-training2 
and post-training2 stages. Training workouts and 
samplings were performed in a similar time for 
each person to neutralize the effect of circadian 
rhythm. During this period the control group did 
no exercise and had normal daily activities.

Blood sampling and hormone analysis 
Two days before starting the RT program and two 
days after termination of program, at pre-training 
and post-training (0 hour and 2 hour) stages, 
venous blood samples (5 mL) from antecubital 
vein of experimental groups were drawn for 
hormone analysis while the control group only 
in the beginning and the end of 8-week RT (so 
called pre-training stages) gave blood samples. 
All steps of sampling for each subject were 
taken in a same condition. Blood samples in 
tubes containing EDTA became centrifuge for 

10 minutes with 3500 RPM. It should be noted 
after each session, subjects were considered to 
drink plenty of fluids up to be compensated for 
the lost fluids. Serum cortisol and DHEA levels 
were measured by ELISA method using “IBL” 
kits with a sensitivity of 2.5 ng/ml and 0.108 ng/
ml, respectively. Then, the ratio between serum 
DHEA and cortisol was calculated. 

Statistical methods 
At first, the value of each variable was described 
as the mean ± standard deviation. Thereafter, to 
determine the normal distribution of variables 
for using the parametric or non-parametric tests, 
the Kolmogorov–Smirnov (KS) test was applied. 
Whereas, data were normally distributed, to eval-
uate alterations of the variables in both experi-
mental groups, repeated-measures Analysis of 
Variance along with the LSD (Least Significance 
Difference) post-hoc test was used.

At the same time with the ANOVA test, the 
sphericity of data was examined in order to 
conduct Greenhouse-Geisser correction on 
the degree of freedom. Moreover, to make an 
intergroup comparison between intermittent 
and continuous training, independent one-way 
ANOVA along with Tukey’s post-hoc test, 
on the one hand, and independent t-test, on 
the other, were applied before the activities 
(considering the presence of control group) and 
immediately and two hours after the training 
program, respectively. The SPSS software 
version 16 was used for statistical analyses and 
for all statistical tests, significance level was 
considered as P value ≤ 0.05.

Results 

Serum cortisol, DHEA and DHEA/Cortisol ratio 
(DCR) values of three groups at different stages 
have been presented in Table 2. 
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Table 2- Serum cortisol, DHEA and DHEA/cortisol ratio values of 
the participants at different stages

Group CGroup BGroup ASampling stagesVariables

94.2±14.803113.56±30.253102.37±18.99Pre training1

Cortisol (ng/ml)

98.885±13.19690.16±11.727Post training10

83.557±10.67581.157±13.318Post training1 1

92.342±12.02277.328±6.51573.857±12.605Pre training2

70.5±5.74168.214±12.721Post training20

62.714±7.02855.311±11.063Post training21

3.107±0.5613.135±0.3323.172±0.181Pre training1

DHEA (ng/ml)

3.261±0.2783.288±0.526Post training10

4.138±0.4993.765±0.337Post training1 1

3.41±0.394.402±0.2424.091±0.437Pre training2

4.665±0.3274.572±0.517Post training20

4.995±0.4495.16±0.253Post training21

4.229±0.9553.645±0.9074.031±0.887Pre training1

DHEA to 
Cortisol ratio 

4.198±0.5324.696±1.113Post training10

6.303±0.9736.061±1.706Post training1 1

4.729±0.9167.2±0.6757.25±2.13Pre training2

8.336±0.3188.759±2.389Post training20

10.095±1.19312.199±2.842Post training21
Values are mean ± SD   

‍‍‍Comparing to control group (C) serum cortisol 
levels of two experimental groups (group A and 
B) showed significant decline (P=0.002 in each 
group) without significant difference between 
group A and B at both stages (Fig. 1). 

In addition, significant increase in serum DHEA 
levels and DCR was observed in two experimental 
groups compared to control group (all P =0.001) 
without significant difference between group A 
and B at different stages (Fig. 1). Fig. 1- Serum cortisol and DHEA alterations in 

study groups
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Table 3 shows the statistical analyses of one way ANOVA test to compare the basal hormone levels at 
different stages in study groups.

Table 3- Comparison of basal hormone levels at different stages in study groups

PF
Mean 

Square
df

Sum of 
Squares

StagesVariables

0.3651.067524.86621049.732Intragroup
Pre-training

Cortisol

491.961188855.3Intergroup
209905.032Total

0.011 *5.861675.73521351.47Intragroup
Post-training 115.292182075.249Intergroup

203426.718Total
0.9520.050.00820.015Intragroup

Pre-training

DHEA

0.153182.753Intergroup
202.769Total

0.000 *13.4561.80523.61Intragroup
Post-training 0.134182.414Intergroup

206.024Total
0.4940.7330.61721.233Intragroup

Pre-trainingDHEA to 
Cortisol 

Ratio

0.8411815.144Intergroup
2016.377Total

0.004 *7.47814.542229.084Intragroup
Post-training 1.9451835.004Intergroup

2064.088Total
* The mean difference is significant at the 0.05 level

Table 4. Presents the results of Tukey’s post-hoc test related to significant differences in post-training 
basal hormone levels which were found following the ANOVA test 

Table 4- Intragroup comparison of post-training basal hormone levels 

PStd. ErrorMean DifferenceIntragroup comparisonVariables

0.8195.7393.471Group B - Group A

Cortisol 0.044 *5.73915.014Group B - Group C

0.013 *5.73918.485Group A - Group C

0.2750.1950.311Group B - Group A

DHEA 0.000 *0.1950.992Group B - Group C

0.007 *0.1950.681Group A - Group C

0.9980.74540.05014Group B - Group A
DHEA to Cortisol 

Ratio
0.01 *0.74542.471Group B - Group C

0.009 *0.74542.52114Group A - Group C
* The mean difference is significant at the 0.05 level
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Discussion

To our knowledge, despite conducting of several 
studies regarding the hormonal responses of 
different types of exercise training including 
resistive and endurance trainings or both, there is 
no conclusive comparison between intermittent 
and continuous RT. Hackney et al. found a 
transient significant elevation in serum cortisol 
levels following endurance training which was 
greater for intermittent training compared to 
continuous training (5). Tremblay and colleagues 
showed increased levels of serum cortisol 
following resistance exercise than endurance 
training (6). Folland and Williams reported a 
significant increase in serum cortisol following a 
high volume of moderate to severe RT with short 
breaks (7). Nindl explained that high cortisol 
level, as an adaptive mechanism, is needed 
for induction of post-exercise lipolysis and 
proteolysis in recovery period (8). Hickson et al. 
stated that cortisol function might be inhibited 
by anabolic hormones (androgen). Indeed, both 
resistance and endurance trainings, decrease 
glucocorticoid-induced muscle catabolism. It 

has been suggested that regular activity may 
abate muscle gene expression of glucocorticoid-
inducible proteins and exercise-induced physical 
stress particularly in low workloads (9). 
In addition, many investigators found a similar 
decline in post-exercise cortisol levels indicating 
that exercise training may reduce resting 
cortisol levels and cortisol response to physical 
activity (10-14), however, some researchers 
cited no changes in cortisol response following 
RT (15,16). Based on the present study, serum 
cortisol levels declined following both types of 
RT without any significant difference between 
experimental groups. As, exercise intensity and 
duration are the major determinants of cortisol 
response and with considering of prescription of 
similar intensity RT protocol during 8 weeks, it 
may be reasonable to get such finding in our study. 
Furthermore, most researches have focused on 
endurance training than RT and none compared 
different types of RT (5), thus, different results 
should be naturally expected. However, further 
investigations for more precise conclusions are 
needed.

Effects of Resistance Training on Serum Cortisol and ...

Table 5 demonstrates results of independent t-test about comparing of post-exercise hormone changes 
at different stages in experimental groups.

Table 5- Comparison of post-exercise hormone levels in experimental groups
 

PdfTTime of ExerciseStagesVariables

0.216121.3080 h post-exercise
Pre-training

Cortisol
0.716120.3721 h post-exercise
0.672120.4330 h post-exercise

Post-training
0.161121.4941 h post-exercise
0.906120.1210 h post-exercise

Pre-training

DHEA
0.128121.6371 h post-exercise
0.695120.4010 h post-exercise

Post-training
0.416120.8421 h post-exercise
0.307121.0680 h post-exercise

Pre-training
DHEA to 

Cortisol Ratio
0.749120.3271 h post-exercise
0.651120.4640 h post-exercise

Post-training
0.096121.8061 h post-exercise
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Moreover, several studies have evaluated DHEA 
response to different types of exercise training 
which there has been a lot of controversy 
surrounding these experiments. Some researchers 
reported elevated levels of DHEA following 
RT (3, 6, 12, 17-21) that was more prominent 
in continuous type (18) while some found no 
significant changes in post-exercise DHEA levels 
(5,11,15). On the other hand, Ponjee et al. cited 
decline of serum DHEA and cortisol in long-term 
endurance activities (22). This study revealed 
increased DHEA levels following both training 
exercises with no significant difference between 
them which may be attributed to similar intensity 
and duration of both types. Whereas, we found 
no study regarding comparison of hormonal 
response following intermittent and continuous 
RT, more investigations surrounding this issue 
are recommended.
The ratio between anabolic and catabolic 
hormones including testosterone or DHEA to 
cortisol which had been proposed by Adlercreutz 
in 1986, can be used as a useful indicator of 
activity load and physical fitness (23). However; 
the pattern of this ratio in response to physical 
activity changes continues to be a subject of 
controversy so that reduced, increased and 
constant values has been reported following 
exercise (23-25). We found an increased ratio in 
both experimental groups indicating that RT can 
improve physical performance and physiologic 
adaptations by providing an anabolic status in 
trained young women. Alen et al. have got similar 
findings (26) but, surprisingly, other researchers 
observed a decreased ratio following RT (1, 6, 25, 
27). Undoubtedly, further researches surrounding 
the anabolic effects of RT are needed.

Conclusion

This study revealed establishment an anabolic 
status following resistance training which can 
improve physical performance and also maintain 
physical fitness in trained young females. It 
seems that types of RT have not an influence 

on the above achievements. With regard to the 
highly controversial opinions surrounding the 
hormonal responses following different types 
of exercise training due to the influences of 
training (intensity, volume, duration and resting 
period) and individual (age, health and fitness 
level) characteristics, further investigation are 
recommended. 

Acknowledgement

We would like to thank all contributors of this 
study for their good cooperation and support. 
The authors declare that there is no conflict of 
interest. 

References

1. Obminski Z, Stupnicki R. Comparison of the 
testosterone-to- cortisol ratio values obtained from 
hormonal assays in saliva and serum. J Sports Phys 
Fitness 1997;37(1):50-5.
2. Filaire E, Lac G. Dehydroepiandrosterone (DHEA) 
rather than testosterone shows saliva androgen responses 
to exercise in elite female Handball players. Int J Sports 
Med 2000; 21(1):17-20.
3. Kvorning T, Andersen M, Brixen K, Madsen K. 
Suppression of endogenous testosterone production 
attenuates the response to strength training: a randomized, 
placebo-controlled, and blinded intervention study. Am 
J Physiol Endocrinol Metab 2006;291:E 1325-32.
4. Brzycki M. Strength testing-Predicting a one-rep max 
from reps-to-fatigue. JOPERD 1993;64:88-90.
5- Hackney AC, Premo MC, McMurray RG. Influence 
of aerobic versus anaerobic exercise on the relationship 
between reproductive hormones in men. J Sports Sci 
1995;13(4):305-11.
6. Tremblay MS, Copeland JL, Van Helder W. Effect of 
training status and exercise mode on endogenous steroid 
hormones in men. J Appl Physiol 2004;96(2):531-9.
7. Folland JP, Williams AG. The adaptations to strength 
training: morphological and neurological contributions 
to increased strength. Sports Med 2007;37(2):145-68.

Hamid Agha-Alinejad, et al.



16

Vol.8 No.1, Winter 2013IRANIAN JOURNAL OF PATHOLOGY

8. Nindl BC, Kraemer WJ, Deaver DR, Peters JL, Marx 
JO, Heckman JT, et al. LH secretion and testosterone 
concentrations are blunted after resistance exercise in 
men. J Appl Physiol 2001;91(3):1251-8.
9. Hickson RC, Czerwinski SM, Falduto MT, Young AP. 
Glucocorticoid antagonism by exercise and androgenic-
anabolic steroids. Med Sci Sports Exerc 1990;22(3):331-
40.
10. Willoughby DS, Taylor M, Taylor L. Glucocorticoid 
receptor and ubiquitin expression after repeated eccentric 
exercise. Med Sci Sports Exerc 2003;35(12):2023-31.
11. Chatard JC, Atlaoui D, Lac G, Duclos M, Hooper S, 
Mackinnon L. Cortisol, DHEA, performance and training 
in elite swimmers. Int J Sports Med 2002;23(7):510-15.
12. Kraemer WJ, Hakkinen K, Newton RU, Nindl 
BC, Volek JS, McCormick M, et al. Effects of heavy-
resistance training on hormonal response patterns in 
younger vs. older men. J Appl Physiol 1999;87(3):982-
92.
13. McCall GE, Byrnes WC, Fleck SJ, Dickinson A, 
Kraemer WJ. Acute and chronic hormonal response 
to resistance training designed to promote muscle 
hypertrophy. Can J Appl Physiol 1999;24(1):96-107.
14. Staron RS, Karapondo DL, Kraemer WJ, Fry AC, 
Gordon SE, Falkel JE, et al. Skeletal muscle adaptations 
during early Phase of heavy-resistance training in men 
and women. J Appl Physiol 1994;76(3):1247-55.
15. Hakkinen K, Pakarinen A, Kraemer WJ, Newton 
RU, Alen M. Basal concentrations and acute responses 
of serum hormones and strength development during 
heavy resistance training in middle-aged and elderly 
men and women. J Gerontol A Biol Sci Med Sci 2000; 
55(2):B95-B105.
16. Fry AC, Kraemer WJ, Stone MH, Warren BJ, 
Fleck SJ, Kearney JT, et al. Endocrine responses to 
overreaching before and after 1 year of weightlifting. 
Can J Appl Physiol 1994; 19(4):400-10.
17. Hakkinen A, Pakarinen A, Hannonen P, Kautiainen 
H, Nyman K, Kraemer WJ, et al. Effects of prolonged 
combined strength and endurance training on physical 
fitness, body composition and serum hormones in 

women with rheumatoid arthritis and in healthy controls. 
Clin Exp Rheumatol 2005;23(4):505-12.
18. Keizer H, Janssen GM, Menheere P, Kranenburg 
G. Changes in basal plasma testosterone, cortisol, and 
dehydroepiandrosterone sulfate in previously untrained 
males and females preparing for a marathon. Int J Sports 
Med 1989;10 Suppl 3:S139-45.
19. Kraemer WJ, Ratamess NA. Hormpnal response 
and adaptation to resistance exercise and training. Sport 
Med 2005;35(4):339-61.
20. Willoughby DS, Taylor L. Effects of sequential bouts 
of resistance exercise on androgen receptor expression. 
Med Sci Sports Exerc 2004;36:1499-1506.
21. Raemer WJ, Fry AC, Wwarren BJ, Stone MH, Fleck 
SJ, Kearney JT, et al. Acute hormonal responses in elite 
junior weightlifters. Int J Sports Med 1992;13:103-9.
22. Ponjee GA, Hans Rooya HA, Vader HL. Androgen 
turnover during marathon running. Med Sci Sport Exerc 
1994;26(10):1274-7.
23. Adlercreutz H, Harkonen M, Kuppasalami K, 
Navari H, Huhtaniemi I, Tikkanen H. Effect of training 
on plasma anabolic and catabolic steroid hormones and 
their response during physical exercise. Int J Sport Meds 
1986;7 Suppl 1:27-8.
24. Vervoon C, Quist AM, Vermulst LJM, Erich WBM, 
Devries WR, Thijssen JHH. The behavior of the plasma 
free testosterone, cortisol ration during season of elite 
rowing training. Int J Sports Med 1991;12(3):254-63.
25. Gonzalez-Bono E, Salvador A, Serrano MA, Moya 
Albiol L, Martinez Sanchis S. Effects of training volume 
on hormones and mood in basketball players. Int J Stress 
Management 2002;9(40):263-73.
26. Alen M, Pakarinen A, Hakkinen K, Komi PV. 
Responses of serum androgenic-anabolic and catabolic 
hormones to prolonged strength training. Int J Sports 
Med 1988;9(3):229-33.
27. Hakkinen K, Pakarinen A, Alen M, Kauhanen H, 
Komi PV. Relationships between training volume, 
physical performance capacity, and serum hormone 
concentrations during prolonged training in elite weight 
lifters. Int J Sports Med 1987;8 Suppl 1:61-5. 

Effects of Resistance Training on Serum Cortisol and ...


