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Abstract: Testosterone controls and stimulates muscle, bone, skin, and the majorities of human characteristics.
Cortisol protects the body against sudden changes through the control of carbohydrates, protein, and fat metabolism.
The purpose of this research was to examine the ratio of testosterone to cortisol following an aerobic activity in fat
women. Twenty healthy volunteer female subjects (BMI>29) participated in this research. The subjects performed 8
weeks of running program. Blood sample was collected at the start and termination of the protocol. Statistical
analysis including independent t-test and Person correlation procedure was used. The testosterone level different
following the aerobic exercise (P=0.6). Significant difference was observed between the cortisol level after the
exercise program (P=0.008). In addition, no significant differences was present between the testosterone level of the
experimental and control group upon the termination of the exercise program (P=0.89). Significant difference was
found between the cortisol level of the experimental and control group after the exercise program (P=0.0001). The
ratio of testosterone to cortisol was 0.002 nanogram in pretest and changed to 0.005 after the exercise program. The
concentration of cortisol decreased. perhaps the intensity of the activities were not high enough to increase the
concentration of cortisol level and cause the destruction of muscle cells. Considering the lower level of women in
female compared to men, the concentration of this variable remains unchanged following two months of aerobic
exercise. As a result, two months of exercise can not lead to stress on testosterone hormone.
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Introduction relationship between testosterone and cortisol is
Psychoendocrinological research on sexually important to clinicians and is critical for athletes.
dimorphic behavior has focused on testosterone which Exercise when performed at a suitable intensity and
is qualitatively the most potent androgen in males and volume can increase the anabolic stimulus resulting in
is present in females at approximately one-tenth of the stronger and larger muscles (7). Numerous instances
male serum concentration (1). Testosterone is a are available in the scientific literature that show
powerful anabolic hormone that stimulate and controls moderate-volume at high-intensity training can
the development of muscle, bone, skin, sex organs and increase testosterone, growth hormone, IGF-1 and
spermatogenesis, and most other masculine physical other anabolic signals that results in improved
features. Recently, scientists have discovered that exercise performance (8, 9).
testosterone also aids mental function, enhancing both Research results have demonstrated that rest
visual and perceptual skills (2, 3). Cortisol is a defense interval between sets of activities are important factors
hormone protecting the organism against any abrupt and when manipulated have effect on work performed
changes in the physiological equilibrium by affecting in subsequent sets (12,13), the metabolic (14) and
carbohydrate, protein and lipid metabolism hormonal responses to exercise training(10, 11), and
(catabolism) as well as electrolyte balance in many training adaptations (12). However, acute response of
tissues. This hormone, in addition, inhibits DNA, Co and Ts to different rest interval is not well
RNA, and protein synthesis and stimulates the understood.
degradation of these macromolecules. (2, 3). The ratio Ahtiainen et al (13) observed no significant
between testosterone and cortisol concentration differences in acute effect of short (2min) and long
(Ts/Co ratio) is frequently used as an index of the (5min) rest interval on concentrations of serum total
stress level in exercise training. Changes in this ratio Ts, free Ts, and Co. On the other hand, there were no
are responsible for several training responses such as significant differences in the cortisol levels among the
hypertrophy and strength gain (4, 5, 6). The athletes during the 16th week of training, while the
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DHEA C ratio in all female athletes was 30% higher
than during the first week (Filaire et al., 1998 (14).
Competitive situations induced an increase in T and
cortisol (C) levels in female rugby and soccer players
(15, 16). The testosterone concentration in many
other studies also remained unchanged (17, 18). The
reduction in the circulating cortisol after the strength
training program has been reported for both men (19)
and women (20). This drop may be relevant for
inhibition of the protein catabolism and furtherance of
proteins aggregation through the reduction of their
degradation (21). Due to the controversy surrounding
the subject, this research was designed to examine the
change in level of testosterone and cortisol as well as
their ratio following eight weeks of aerobic training
program.

Methodology

This was a quasi-experimental research in which
22 female subjects with the mean body mass index
above 29 kgm” voluntarily participated in eight weeks
of progressively increased aerobic activity. The
subjects were healthy female sedentary individuals
who had no previous history of participation in any
types of regular physical activity. The exercise
protocol was held twice per week. Following the
selection of the samples who met the inclusion
criterion, they were assigned into two groups of equal
size (n=11) based on their maximum oxygen
consumption (VO ; ) capacity. This condition was
used to match the exercise capacity of the two groups.
In order to assess their VO ; ., the walk and run test
was performed for 12 minutes in a track and field
area. This test was taken one week prior and after the
termination of the exercise program. This time interval
between the test and exercise sessions has no
significant effect on the level of the variables of
interest. Maximum oxygen consumption was
calculated by the following equation (22): VO ; pax =
0.0268 x (D) —11.3.

The demographic information of the subjects is
presented in table 1. At the end of exercise protocol
(eighth week), the subjects in the experimental group
ran approximately a total of 36000 meters. Polar
watches made in China were used to monitor the
target heart rate predetermined at maximum of 160 to
165 bpm. The subjects were then instructed to walk
until their heart rate decreased to 100 bpm. Following
the termination of exercise program, blood sample
from both groups was collected at the same
laboratory. The subjects in the control group did not
participate in any regular physical activity program.
Testosterone level was measure by radio
immunoassay method and using Ca. No68628 kit
made by Finland. For the purpose of measuring the
cortisol level of serum, immunoassay method and
Cortisal Im 1841 kit made in Zech was employed. The
levels of testosterones and cortisol were measured at
nanogram per liter scale.

SPSS software was used to analyze the data and
parametric independent sample t-test was used to
analyze the data after Kolmogrove-smirinov
confirmed their normality of the dependent variables.
Pearson correlation coefficient was employed to test
the association between the cortisol and testosterone.
All the significance levels were set to 0=0.05.

Results

The mean and standard deviations of cortisol and
testosterone are presented in table 2. The results of
analysis indicated that the mean value of testosterone
and cortisone at the start of the training program and
following eight weeks of training were 0.572 ng/ml
and 0.6 ng/ml, respectively.

This change however was not statistically
significant (P=0.6). In addition, the Ilevel of
testosterone in the control group was not also
significant (P=0.58) nor there was any significant
difference  between the testosterone in the
experimental and control group (P=0.89).

Table 2. Characteristics of subjects one week before training

Characteristics Mean Standard Deviation
Age (Y) 21.3 1.5
Height (Cm) 161.1 3.7
Systolic Blood Pressure (mmHg) 120.2 53
Diastolic Blood Pressure (mmHg) 75.3 3.4
Body Mass Index (Cm”) 29.8 1.3
Weight before Exercise (Kg) 74.7 3.5
Weight after Exercise (Kg) 72.6 3.8

The mean value of cortisol in the experimental group before the start of the running program was 193.9 ng/ml
and changed to 101.9 ng/ml after the termination of the exercise program. This change was statistically significant
(P=.0.008). The mean value of cortisol level in the control group before the start of activity was 210 ng/ml and
following the termination of the exercise program changed to 217 ng/ml. Such different however was not
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statistically significant (P=0. 94). The result of analysis of data showed that there was a significant difference
between the control and the experimental group in the post test state (P=0.0001). The mean value of the cortisol
level in the experimental group increased following the eight weeks of physical activity.

In addition, Pearson correlation method showed a significant relationship between the testosterone and cortisol
(r=0.45, P=0.047). The ratio of testosterone to cortisol in the pretest time in the experimental group was 0.002
ng/ml and decreased to 0,005 ng/ml in the post test time (table 2). These changes in testosterone and cortisol levels

are presented in figure 1 and 2, respectively.
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Figure 2: Cortisol level change in pre and post time

Table 2: Mean, standard deviation and ratio of Testosterone and cortisol in ng/ml scale

variables Mean £sd | P-value | t-value | Ratio
Testosterone- pretest (ng/ml) 0.572+0.26 053 0.6
Testosterone- posttest (ng/ml) 0.6+0.22 ) )
Cortisol- pretest (ng/ml) 193.9+£9.3 0.008 3.33
Cortisol- posttest (ng/ml) 101.9+4.14 )
Testosterone/ Cortisol- pretest (ng/ml) - - - 0.002
Testosterone/ Cortisol- posttest (ng/ml) - - - 0.005

Discussion

In this research, the changes in cortisol and
testosterone level as well as the ratio of these variables
in nanogram per liter was examined in sedentary
women following participation in intermittent physical
activity program that lasted for eight weeks. Despite
the increased level of testosterone as much as 4.89
percent in the post exercise time compared to the

pretest level in this group, the change was not
statistically significant. Probably the time of exercise
protocol or the intensity was not sufficient to produce
a significant change in this variable. In addition, the
results of analysis showed that there was no
significant  difference between the levels of
testosterone in the exercise group compared to the
control group at the end of the exercise program.
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The mean value of the cortisol in the exercise
group after the termination of the exercise protocol
decreased 47.44 percent. This difference was
statistically significant. Based on these results, it was
concluded that such exercise program is sufficient to
produces significant change in the cortisol level of
sedentary obese women. The results of analysis of
concentration of cortisol in post test state of both
group showed significant difference. The
concentration of the cortisol in the exercise group
compared to the control group decrease by 112.9
percent.

In addition, the value of testosterone to cortisol
level was 0.002 in the pretest condition and changed
to 0.005 (ng/ml) in post exercise time. This change is
relatively small and probably may not be considered a
reliable physiological index for acceptance or
rejection of a hypothesis. The findings of the present
study did not agree with the results reported by Bateup
et. al (2002) and Edwars et al, (2006) who examined
the changes in level of testosterone and cortisol in
rugby and soccer players, respectively (5, 6). Such
result may be attributable to the fact that these authors
examined the changes of testosterone and cortisol
levels in the competitive sports whereas this research
examined the changes of these variable following 8
weeks of physical activity. The findings of the present
research is in agreement with the results reported by
Krammer, Marxs, and Goldpting who showed that
cortisol  level decreased after male and female
subjects participated in strengths training programs.
They concluded that this decrease causes catabolism
and accumulation of protein (19, 20, 21). The
threshold is approximately 50 to 60 percent of VO 2
max. When this work intensity is below 50 percent of
VO 2 max, it leads to decrease in cortisol level in
blood since the rate of removal and elimination of this
hormone in such types of activities is more than its
rate during the rest. Thus, the level of cortisol in this
condition can be even less than what it is at the rest
state (20). However, it depends on the intensity of the
activity. Due to the rest interval between the activity
sessions in this research protocol, it seems like the
intensity of the exercise has been less than 60 percent
of VO , . and for this reason the level of cortisol in
the blood of the subjects has decreased.

It seems like following eight weeks of physical
activity the level of testosterone decreased since its
concentration in women is one tenth of men.
Therefore, the change in this hormone is negligible
and thus is not detected statistically. Due to this fact,
the ratio of testosterone to cortisol is not a valid index
to determine the stress and intensity level of exercise
in female subjects. The association of this two
catabolic and anabolic hormones was also poor
(r=0.45) in post test state in the experimental group.

1059

This finding was in agreement with the findings of
Daly and associates (2005) who did not reported any
significant correlation between these two hormones
(23).

In summary, it may be concluded that various
types of physical activities lead to different hormone
responses such as cortisol and testosterone. The
changes in these aforementioned hormones seems to
depend on many factors including physical fitness and
mental state of the participants in addition to the
different types of work intensity, duration of the
activity and the volume of the work. During the
moderate aerobic physical activity like the one
employed in this research, the level of testosterone
does change significantly, but the level of cortisol
decreases and this change is statistically significant.
One of the limitations of this study was the absence of
having several work intensity with more duration of
work program. More controlled research is needed to
make firm conclusion about what intensity of aerobic
work is necessary to change the level of both
testosterone and cortisol hormones and their ratio.

Corresponding Author:

Mansour Sayyah, Trauma Research Center, Kashan
University of Medical Sciences, Kashan, Iran.
hamedir2010@gmail.com

References

1. K Christiansen, Behavioural effects of androgen
in men and women. Journal of Endocrinology
(2001) 170, 39-48.

2. Marks A. D., and Liberman M. A. (2005).
“Marks Basic Medical Biochem A Clinical
Approach”, 2nd ed. Lippincott Willams and
Wilkins Wolters Kluwer Company, pp. 781-805.
Determination of Testosterone and Cortisol
Levels in Sera and Saliva of Women Patients
with Ovarian Tumors (Case — Control Study).

3. H. R. Hasan and O. R. Al-Shykhly Damascus
University Journal for BASIC SCIENCES Vol.
25, No 2, 2009.

Uchida MC, Bacurau RFP, Navarro F, Pontes Jr

FL, Tessuti VD, Moreau RL, et al. Alteration of

testosterone: cortisol ratio induced by resistance

training in women. Rev Bras Med Esporte.
2004;10:169-72.

5. Volek JS, Kraemer WJ, Bush JA, Incledon T,
Boetes M. Testos- terone and cortisol in
relationship to dietary nutrients and resistance
exercise. J Appl Physiol. 1997;82:49-54.

6. Rahman Rahimi, Hadi Rohani, Mohsen
Ebrahimi, Effects of very short rest periods on
testosterone to cortisol ratio during heavy
resistance exercise in men. Apunts. Medicina
del.2011; 46 :145-9.



Life Science Journal 2013;10(2)

http://www.lifesciencesite.com

10.

11.

12.

13.

14.

15.

Harber MP, Fry AC, et al. Skeletal muscle and
hormonal adaptations to circuit weight training
in untrained men. Scand J Med Sci Sports, 2004
Jun;14(3):176-85.

Mujika I, Padilla S, et al. Physiological changes
associated with pre-event taper in athletes.
Sports Med, 2004;34(13):891-927.

Ahtiainen JP, Pakarinen A, et al. Acute
hormonal and neuromuscular responses and
recovery to forced vs maximum repetitions
multiple resistance exercises. Intl J Sports Med,
2003 Aug;24(6):410-8.

Bottaro M, Martins B, Gentil P, Wagner D.
Effects of rest dura- tion between sets of
resistance training on acute hormonal responses
in trained women. J Sci Med Sport. 2009;12:73-
8.

Buresh R, Berg K, French J. The effect of
resistive exercise rest interval on hormonal
response, strength, and hypertrophy with
training. J Strength Cond Res. 2009;23:62-71.
Gentil P, Bottaro M, Oliveira E, Veloso J,
Amorim N, Saiuri A, et al. Chronic effects of
different between-set rest durations on muscle
strength in nonresistance trained young men. J
Strength Cond Res. 2010;24:37-42.

Ahtiainen JP, Pakarinen A, Alen M, Kraemer
WIJ, Hékkinen K. Short vs. long rest period
between the sets in hypertrophic resistance
training: influence on muscle strength, size, and
hormonal adaptations in trained men. J Strength
Cond Res. 2005;19:572-82.

Filaire et al., 1998; Guyton & John, 1996). The
(DHEA):(C) ratio is a training index of female
athletes (Filaire et al., 1998). This ratio is
influenced by the intensity and length of training
and can be a sign of pressure due to the training.
Bateup, H.S., Booth, A., Shirtcliff, E.A.,
Granger, D.A., 2002. Testosterone, cortisol and

4/28/2013

1060

16.

17.

18.

19.

20.

21.

22.

23.

women’s competition. Evol. Hum. Behav. 23,
181-192.

Edwards, D.A.,Wetzel, K.,Wyner, D.R., 2006.
Intercollegiate soccer: saliva cortisol and
testosterone are elevated during competition, and
testosterone is related to status and social
connectedness with team mates. Physiol. Behav.
87, 135-143.

Mccall GE, Byrnes WC, Fleck SJ, Dickinson A,
Kraemer WIJ. Acute and chronic hormonal
responses to resistance training designed to
promote muscle hypertrophy. Can J Appl
Physiol 1999;24:96-107.

Nindl BC, Kraemer WJ, Deaver DR. LH
secretion and testosterone concentrations are
blunted after resistance exercise in men. J Appl
Physiol 2001;91:1251-8.

Kraemer WJ, Staron RS, Hagerman FC, Hikida
RS, Fry AC, Gordon SE, et al. The effects of
short-term resistance training on endocrine
function in men and women. Eur J Appl Physiol
1998;78:69-76.

Marx JO, Ratamess NA, Nindl BC, Gotshalk
LA, Volek JS, Dohi K, et al. Low volume circuit
versus high volume periodized resistance
training in women. Med Sci Sports Exerc
2001;33:635-43.

Goldspink G. Cellular and molecular aspects of
adaptation in skeletal muscle. In: Komi PV,
editor. Strength and power in sport. Oxford:
Blackwell Scientific Publications, 1992;221-9.
Roger W. Earle Thomas R. Baechle (2004),
Essentials of Personal Training National
Strength and Conditioning Association, NSCA,s
Human Kinetic.

Daly W, Seegers CA, et al. Relationship
between stress hormones and testosterone with
prolonged endurance exercise. Eur J Appl
Physiol, 2005 Jan;93(4):375-80.



