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ABSTRACT 
 
Previously most studies indicated that high intensity training is a powerful stimulus to acute increases in 
blood testosterone hormone levels in males. The testosterone responses to exercise in females are 
controversial; while some studies have shown increases, others have suggested no change. The aim of 
this study was to determine alterations in serum concentrations of testosterone after an exhausting 
exercise in males and females. Eight physically active male students (age: 22.25 ± 1.49 yr; height 177.62 ± 
1.87 cm; weight 74.97 ± 3.32 kg) and eight physically active female students (age: 19.87 ± 1.45 yr; height 
161.87 ± 3.18 cm; weight 57.91 ± 7.33 kg) who were studying at School of Physical Education, Kastamonu 
University, voluntarily participated in this study. The subjects performed an incremental exercise test until 
exhaustion using a cycle ergometer (Monark, Stockholm, Sweden) at a constant pedal speed of 60 rpm 
with stepwise increments of 15 W every minute after a warm-up at 15 W for 3 min. The 5 cc. venous blood 
samples were obtained from an antecubital vein at pre and immediately after the exhaustion exercise. The 
Wilcoxon Signed Rank Test was used for determine the differences within groups results at a significance 
levels of p < 0.05. In conclusion, our study demonstrates that exhausting exercise has some effects on the 
total testosterone profile both males and females. 
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INTRODUCTION 
 
The sexual hormone in men is testosterone while they 
are oestrogen, progesterone and relaxin in women. It 
stimulates sperm production with follicle-stimulating 
hormone (FSH) and luteinising hormone (LH). It is vital 
for development and permanency of male sexual organs. 
Moreover, it stimulates development of secondary sexual 
characteristics (Koz et al., 2016). Testosterone is one of 
the most powerful androgenic-anabolic hormones that 
are naturally released (Vingren et al., 2010) and it is very 
effective on energy metabolism (Bosco et al., 1996) and 
protein synthesis (Cadore and Kruel, 2012; Griggs et al., 
1989; Vingren et al., 2010). Testosterone that is 
traditionally accepted as primary androgen is synthesised 
and released by Leydig cells of testis via hypothalamic-
hypophysis-gonadal axis and small amount of it is 
provided from ovary, adrenals and transformation of other 
androgens (such as androstenedione) (Crewther et al., 
2006). Although many studies in the literature have 
mentioned positive effects of exercise on testosterone 

levels (Bosco et al., 1996), there are also many studies 
highlighting that exercise didn’t have statistically 
significant effect (Huang et al., 2004) or led to negative 
effects (Kilic et al., 2006). Especially in athletes exposed 
to aerobic exercises, decrease in testosterone levels 
related to increase in cortisol can be determined (Cadore 
and Kruel, 2012). It is reported that long-term exercise 
performed at a concentration of 75% of maximum oxygen 
intake gives greater cortisol responses than short-term 
high-intensity exercise (Kindermann et al., 1982). There 
are many studies reporting a negative correlation 
between cortisol and testosterone (Avanaki et al., 2013). 

Some anabolic hormones (such as testosterone) are of 
great importance for response and adaptation to exercise 
(Kraemer and Ratamess, 2005). It is well known that 
testosterone release increases with high intensity and 
strength training (Kraemer and Ratamess, 2005; 
Ahtiainen et al., 2004; Kraemer et al., 1999). Acute 
increases  in  testosterone levels can reduce the negative 
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effects of fatigue on the muscles (Dent et al., 2012). 
Furthermore, though acute responses to high intensity 
exercises are almost the same in men and women, 
changes or increases in women athletes are suggested 
to be not so high as those in men athletes (Linnamo et 
al., 2005, Vingren et al., 2010). Some studies explained 
this situation with less muscle activation for an activity or 
women’s inability to use their muscles as effectively as 
men athletes (Linnamo et al., 2005). It has been also 
indicated that plasma testosterone levels increased in 
young and old men following an acute exercise, trained 
individuals presented more androgen response to 
maximal exercise, testosterone response was related 
more to effort intensity rather than effort duration and total 
workload, plasma testosterone levels increased in 
women with exercise despite being lower compared to 
men (Koz et al., 2016).  

Examining acute testosterone responses can be 
important to better understand the chronic adaptation 
process and to see how the intensity of exercise affects 
the androgen receptors (Cadore and Kruel, 2012). Thus, 
the aim of this study was to investigate testosterone 
responses in men and women following an acute 
strenuous exercise with cycle ergometer and contribute 
to the literature. 
 
 
EXPERIMENTAL DESIGN 
 
Physically active 8 male students (age 22.25 ± 1.49 
years, height 177.62 ± 1.87 cm, body mass 74.97 ± 3.32 
kg) and 7 female students (age 19.87 ± 1.45 years, 
height 161.87 ± 3.18 cm, body mass 57.91 ± 7.33 kg) 
who were studying at School of Physical Education, 
Kastamonu University, voluntarily participated in this 
study. Participants were requested not to perform any 
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strenuous exercise and change their daily dietary intakes 
24 hours before the measurement. Female participants 
who were in menstrual period were excluded from the 
study. Following a 3 min cycling warm up with 15 W load, 
participants performed an incremental exercise with 
cycling ergometer (Monark, Stockholm, Sweden) at 60 
RPM and 15 W load increase at each minute. 
Testosterone levels were measured before and 
immediately after the exercise with 5 cc blood sample 
taken from antecubital veins. Free testosterone (pg/ml) 
was determined by means of a DSL RIA kit on gamma 
counter. Total testosterone (ng/dl) was determined by 
Acces Immunoassay system test kit and Unicel DXI 800 
photoanalyser. Statistical analysis was carried out with 
SPSS 13. The Wilcoxon Signed Rank Test was used for 
within-group analysis and p value was set at p < 0.05. 
 
 
RESULTS 
 
Table 1 shows the physical and physiological parameters 
of the participants. 

When testosterone responses in male participants after 
a strenuous exercise were investigated, it increased 34% 
compared to resting values and as it is seen in Table 2, 
there is a significant change between the two 
measurements (p < 0.05). No significant change was 
found in free testosterone levels between pre- and post-
training (p > 0.05). 

When testosterone responses in female participants 
after a strenuous exercise were investigated, it increased 
80% compared to resting values and as it is seen in Table 
3, there is a significant change between the two 
measurements (p < 0.05). No significant change was 
found in free testosterone levels between pre- and post-
training (p > 0.05). 

 
 
 

Table 1. Some of physical and physiological parameters of the participants. 
 

Parameters  
Male 

 
Female 

N Mean ± SD N Mean ± SD 
Age (year)  8 22.25 ± 1.49  7 19.87 ± 1.45 
Height (cm) 8 177.62 ± 1.87  7 161.87 ± 3.18 
Body weight (kg)  8 74.97 ± 3.32  7 57.91 ± 7.33 
Resting hearth rate (beat/min)  8 79.00 ± 3.68  7 78.25 ± 7.36 
Max VO2 (ml.kg/min)  8 48.24 ± 1.52  7 33.67 ± 4.26 

 
 
 
DISCUSSION AND CONCLUSION 
 
Endocrine system releases some hormones during the 
exercise to regulate and maintain homeostasis. 
Physiological function of testosterone is to maintain 
skeletal muscle tissues and lead to an increase in muscle 
mass via genomic mechanisms and thus resulting in 

muscle mass increase, there are some studies 
supporting this phenomenon (Page et al., 2005). Steroid 
hormones including testosterone respond to not only 
regular training regimes but also acute exercises (Dent et 
al., 2012). However, it was stated that strenuous 
exercises are more effective in investigating acute effect 
of exercise (Vingren et al., 2010). High intensity exercises 
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Table 2. The comparisons of the male participants’ average testosterone parameters in pre- and post-exercise. 
 

Parameters N 
Pre-exercise Post-exercise 

Z P 
M ± SD M ± SD 

Total testosterone (ng/dl) 8 410.50 ± 186.36 551.38 ± 267.87 -2.52 .012* 
Free testosterone (pg/ml) 8 25.43 ± 10.01 26.69 ± 9.66 .000 1.00 

 

Note: P < 0.05*. 
 
 
 

Table 3. The comparisons of the female participants’ average testosterone parameters in pre- and post-exercise. 
 

Parameters N 
Pre-exercise Post-exercise 

Z P 
M ± SD M ± SD 

Total testosterone (ng/dl) 8 30.17 ± 11.94 54.11 ± 15.07 -2.38 .017* 
Free testosterone (pg/ml) 8 2.55 ± 2.97 2.12 ± 0.09 -1.12 .26 

 

Note: P < 0.05*. 
 
 
 
are known to cause acute increases in testosterone 
levels in relation to acute reductions in neuromuscular 
function (Linnamo et al., 2005). This type of exercise 
causes physical stress on muscle fiber and this causes 
stimulation of hypertrophy mechanism. The amount of 
applied physical stress is thought to be parallel to the 
increase in testosterone level (Linnamo et al., 2005). 
However, there is still no consensus on whether this 
effect is due to hemoconcentration or an increase in 
production due to catecholamine (Galbo, 1983). 

When total and free testosterone responses to acute 
strenuous exercise in our study were investigated, there 
was positively significant difference in total testosterone 
levels both in male and female participants (p < 0.05). 
Nevertheless, no significant changes were reported in 
free testosterone levels in both sexes (p > 0.05). 

Linnamo et al. (2005) investigated acute hormonal 
responses to submaximal and maximal heavy resistance 
and explosive exercises in men and women and stated 
that testosterone levels increased significantly in men 
who were exposed to maximal resistance exercises (p < 
0.05). As a result, they reported that the amount of 
muscle mass involved in the activity was an important 
factor in the increase of testosterone responses and that 
high-intensive strenuous exercises were more valid for 
testosterone increase due to the stimulation of the 
hypertrophic mechanism. Since the results for women are 
more uncertain than men, they are suggested to add 
exercises with low loads in training as well as heavier 
loads. This phenomenon was explained with increase in 
lactate accumulation during maximal resistance exercise 
compared to other exercise methods. In addition, 
increasing adrenergic activity parallel to the intensity of 
the exercise can be a factor that increases the serum 
testosterone ratio (Linnamo et al., 2005). Hakkinen and 
Pakarinen (1993) applied a 10 set of 10 repetition 
exercise protocol to men at submaximal load (70%) and 
suggested that testosterone levels significantly increased 

(P < 0.05). They found that the results increased by 23% 
for total testosterone and 22% for free testosterone 
(Hakkinen and Pakarinen, 1993). Moreover, Raastad et 
al. (2000) applied different strength training protocols to 9 
male athletes and suggested that high intensity method 
resulted in higher testosterone levels compared to 
moderate intensity method (Raastad et al., 2000). Mathur 
et al. (1986) implemented a study to 7 male long-distance 
runners and 5 sedentaries where participants cycled till 
exhaustion on a cycle ergometer and researchers stated 
that testosterone levels in both groups increased 
significantly compared to pre exercise levels (Mathur et 
al., 1986). Kraemer et al. (2003) studied leptin and 
testosterone responses of high intensity exercises in 
trained men and found significant increases in 
testosterone levels as a result of 40 minutes of strenuous 
treadmill run in 60, 75, 90 and 100% of Max VO2 
(Kraemer, 2003). In a study by Bosco et al. (2000) on 
male and female sprinters, they studied neuromuscular 
activity and hormonal responses after acute endurance 
exercise and suggested that adequate testosterone level 
may reduce the negative effects of fatigue on 
neuromuscular activity (Bosco et al., 2000). Shafiei et al. 
(2011) implemented a continuous exercise protocol until 
exhaustion to 32 male cyclists after zinc and selenium 
consumption and found significant difference in free 
testosterone, total testosterone and lactate accumulation 
between groups with and without supplementation 
(Shafiei et al., 2011). These results suggest that this 
situation resulted from increasing contribution of 
anaerobic glycolysis mechanism in energy production 
during high intensity exercises. In some studies, positive 
correlation was found between increasing lactate 
accumulation and testosterone levels (Linnamo et al., 
2005; Lu et al., 1997; Shafiei et al., 2011). When 
testosterone responses to high intensity and exhausting 
exercises are investigated, total testosterone levels 
increased  in   parallel   with   our   and   abovementioned 



 
 
 
 
studies (Bosco et al., 1996; Mathur et al., 1986; Ronsen 
et al., 2001; Cinar et al., 2011; Kindermann et al., 1982; 
Häkkinen and Pakarinen, 1995). As well as, some 
findings suggest that exhausting exercises did not result 
in significant increase in free testosterone levels (Daly et 
al., 2005). However, there are also studies suggesting 
that maximal and exhausting exercises decreased 
testosterone levels in athletes (Kilic et al., 2006; Hackney 
et al., 1997).  

It has been generally accepted in the literature that 
efforts especially involved in higher anaerobic metabolism 
lead to an increase in testosterone levels. However, 
studies have brought forward controversial results. These 
different results may stem from individual differences 
such as age, sex, dietary intake, training status as well as 
content, intensity of the exercise programs. Considering 
our results, we can conclude that exhausting exercise on 
a cycling ergometer resulted in increased total 
testosterone levels in men and women. 
 
 
REFERENCES 
 
Ahtiainen, J. P., Pakarinen, A., Kraemer, W. J., and Hakkinen, K. 

(2004). Acute hormonal responses to heavy resistance exercise in 
strength athletes versus non-athletes. Canadian Journal of Applied 
Physiology, 29(5): 527–543. 

Avanaki, M. N., Azarbayjani, M. A., Peeri, M., Kohanpour, M. A., 
Mirsepasi, M., Boostani, M. H., and Hamidi, E. (2013). Effect of 
motive patterns on serum cortisol levels, testosterone and 
testosterone to cortisol ratio of active young men. Middle-East 
Journal of Scientific Research, 13(1): 107–113.  

Bosco, C., Colli, R., Bonomi, R., Von Duvillard, S. P., and Viru, A. 
(2000). Monitoring strength training: neuromuscular and hormonal 
profile. Medicine & Science in Sports Exercise, 32(1): 202–208.  

Bosco, C., Tihanyl, J., Rivalta, L., Parlato, G., Tranquilli, C., Pulvirenti, 
G., Foti, C., and Viru, M., and Viru, A. (1996). Hormonal responses in 
strenuous jumping effort. Japanese Journal of Physiology, 46: 93–98.  

Cadore, E. L., and Kruel, L. F. M. (2012). Acute and Chronic 
Testosterone Responses to Physical Exercise and Training, Sex 
Hormones. In D. Raghvendra (Ed.), InTech. Retrieved from 
http://www.intechopen.com/books/sex-hormones/acute-and-chronic-
testosteroneresponses-to-physical-exercise-and-training. 

Cinar, V., Polat, Y., Baltaci, A. K., and Mogulkoc, R. (2011). Effects of 
magnesium supplementation on testosterone levels of athletes and 
sedentary subjects at rest and after exhaustion. Biological Trace 
Element Research, 140(1): 18–23. 

Crewther, B., Keogh, J., Cronin, J., and Cook, C. (2006). Possible 
stimuli for strength and power adaptation: acute hormonal responses. 
Sports Medicine, 36(3): 215–238.  

Daly, W., Seegers, C. A., Rubin, D. A., Dobridge, J. D., and Hackney, A. 
C. (2005). Relationship between stress hormones and testosterone 
with prolonged endurance exercise. European Journal of Applied 
Physiology, 93(4): 375–380.  

Dent, J. R., Fletcher, D. K., and McGuigan, M. R. (2012). Evidence for a 
non-genomic action of testosterone in skeletal muscle which may 
improve athletic performance: Implications for the female athlete. 
Journal of Sports Science and Medicine, 11: 363–370. 

Galbo, H. (1983). Hormonal and metabolic adaptations to exercise. 
Thieme-Stratton Inc, New York. 

Griggs, R. C., Kingston, W., Jozefowcz, R. F., Herr, B. E., Forbes, G., 
and Halliday, D. (1989). Effects of testosterone on muscle mass and 
muscle protein synthesis. Journal of Applied Physiology, 66(1): 498–
503. 

Hackney, A. C., Fahrner, C. L., and Stupnicki, R. (1997). Reproductive 
hormonal response to maximal exercise in endurance-trained men 
with low resting testosterone levels. Experimental and Clinical 
Endocrinology and Diabetes, 105: 291–295. 

Baydil            247 
 
 
 
Hakkinen, K., and Pakarinen, A. (1993). Acute hormonal responses to 

two different fatiguing heavy resistance protocols in male athletes. 
Journal of Applied Physiology, 74(2): 882–887.  

Häkkinen, K., and Pakarinen, A., (1995). Acute hormonal responses to 
heavy resistance exercise in men and women at different ages. 
International Journal of Sports Medicine, 16(8): 507–513.  

Huang, W. S., Yu, M. D., Lee, M. S., Cheng, C. Y., Yang, S. P., Chin, H. 
M., and Wu, S. Y. (2004). Effect of treadmill exercise on circulating 
thyroid hormone measurements. Medical Principles and Practice, 13: 
15–19.  

Kilic, M., Baltaci, A. K., Gunay, M., Gökbel, H., Okudan, N., and 
Cicioglu, I. (2006). The effect of exhaustion exercise on thyroid 
hormones and testosterone levels of elite athletes receiving oral zinc. 
Neuroendocrinology Letters, 27(1–2): 247–252. 

Kindermann, W., Schnabel, A., Schmitt, W. M., Biro, G., Cassens, J., 
and Weber, F. (1982). Catecholamines, growth hormone, cortisol, 
insulin, and sex hormones in anaerobic and aerobic exercise. 
European Journal of Applied Physiology and Occupational 
Physiology, 49(3): 389–399.  

Koz, M., Akgül, M. Ş., and Atıcı, E. (2016). The effects of exercise on 
the hormone secretion and regulation. Turkiye Klinikleri J Physiother 
Rehabil-Special Topics, 2(1): 48–56. 

Kraemer, R. R., Durand, R. J., Acevedo, E. O., Johnson, L. G., 
Synovitz, L. B., Kraemer, G. R., Gimpel, T., Castracane, V. D. (2003). 
Effects of high-intensity exercise on leptin and testosterone 
concentrations in well-trained males. Endocrine, 21: 261–265.  

Kraemer, W. J., and Ratamess, N. A. (2005). Hormonal responses and 
adaptation to resistance exercise and training. Sports Medicine, 
35(4): 339–361.  

Kraemer, W. J., Hakkinen, K., Newton, R. U., Nindl, B. C., Volek, J. S., 
Mc Cornick, M., and Evans, W. J. (1999). Effects of heavy-resistance 
training on hormonal response patterns in younger vs. older men. 
Journal of Applied Physiology, 87: 982–992. 

Linnamo, V., Pakarinen, A., Komi, P. V., Kraemer, W. J., and Häkkinen, 
K. (2005). Acute hormonal responses to submaximal and maximal 
heavy resistance and explosive exercises in men and women. 
Journal of Strength and Conditioning Research, 19(3): 566–571.  

Lu, S., Lau, C., Tung, Y., Huang, S., Chen, Y., Shih, H., Tsai, S. C., Lu, 
C. C., Wang, S. W., Chen, J. J., Chien, E. J., Chien, C. H., and Wang, 
P. S. (1997). Lactate and the effects of exercise on testosterone 
secretion: evidence for the involvement of cAMP-mediated 
mechanism. Medicine and Science in Sports and Exercise, 29(8): 
1048–1054.  

Mathur, D. N., Toriola, A. L., and Dada, O. A. (1986). Serum cortisol and 
testosterone levels in conditioned male distance runners and 
nonathletes after maximal exercise. Journal of Sports Medicine and 
Physical Fitness, 26(3): 245–250. 

Page, S. T., Amory, J. K., Bowman, F. D., Anawalt, B. D., Matsumoto, A. 
M., Bremner, W. J., and Tenover, J. L. (2005). Exogenous 
testosterone (T) alone or with finasteride increases physical 
performance, grip strength, and lean body mass in older men with 
low serum. The Journal of Clinical Endocrinology and Metabolism, 
90(3): 1502–1510. 

Raastad, T., Bjoro, T., and Hallen, J. (2000). Hormonal responses to 
high- and moderate-intensity strength exercise. European Journal of 
Applied Physiology, 82: 121–128.  

Ronsen, O., Huge, E., Klarlund, P. B., and Bahr, R. (2001). Increased 
neuroendocrine response to a repeated bout of endurance exercise. 
Medicine and Science in Sports and Exercise, 33(4): 568–575. 

Shafiei, N. L., Gaeini, A. A., and Choobineh, S. (2011). Effect of zinc 
and selenium supplementation on serum testosterone and plasma 
lactate in cyclist after an exhaustive exercise bout. Biological Trace 
Element Research, 144(1–3): 454–462.  

Vingren, J. L., Kraemer, W. J., Ratamess, N. A., Anderson, J. M., Volek, 
J. S., and Maresh, C. M., (2010). Testosterone physiology in 
resistance exercise and training: the up-stream regulatory elements. 
Sports Medicine, 40(12): 1037–1053. 

 

Citation: Baydil, B. (2020). Testosterone responses to exhausting 
exercise in male and female students. African Educational Research 
Journal, 8(2): 244-247. 

 


