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Abstract: The aim of the present study was to investigate the effect of an official basketball game and its
outcome on serum testosterone and cortisol responses. For this purpose, two teams were purposefully selected
from semi-final games of Tehran first clubs. The blood samples of 22 female players (mean age: 20 years, mean
testosterone at rest: 0.507 ng/ml, mean cortisol at rest: 96.143 ng/ml) were gathered two hours before and 15
minutes after the game. The time each player actively participated in the game was recorded for each team
separately and the collected data were analyzed by dependent and independent t tests. The results showed a
significant increase in testosterone and cortisol of fixed players of both teams who actively played in 70% of
the official basketball game (p<0.05). There was no relationship between the changes of testosterone and
cortisol during the game and win and loss (p>0.05). It can be concluded that an official basketball game with
mental and physical challenges can dramatically increase testosterone hormones with strong anabolic effects
and serum cortisol with catabolic effects in female players.
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INTRODUCTION Regarding  Mazur’s  biosocial  status  hypothesis

Sport games affect hormonal responses with respect testosterone level and player’s competing for status and
to the game outcome (i.e. win or loss). The relationship victory leads to increase in or maintenance of this
between testosterone and cortisol with sport competitions hormone in future encounters. Although the main weight
in males has been vastly studied while there are few of  the hypothesis falls on testosterone, reference was
studies of female athletes. Data collected in recent also  made  to  cortisol  and  subjective  experiences
decades show that different physiological and (effort, discomfort, anxiety).
psychological factors affect the responses of those nerve In a study, a real match between two professional
cells which make hormones to competitive encounters. basketball teams (male players) in Spain league was
The difference in age and gender, physical fitness, body investigated.  Results did not show statistically
mass, type of activity, the importance of competition, the significant different T and C salivary responses
time each player participates in the game and the role each depending on the outcome while T response correlated
player plays in win or loss in a competition results in positively  with the "score/time playing" ratio, an
different hormonal changes [1-10]. One method to directly indicator of individual participation in the outcome.
assess the effect of testosterone on self-confidence is to Negative  mood  was  significantly enhanced, especially
compare the behaviors of those subjects who had in the losers. In a study of tennis players, victory in
received different hormonal doses. However, with respect winners significantly enhanced T and defeat in losers
to ethical and practical barriers to different testosterone significantly enhanced C after the match [2, 13]. The
doses  in  healthy  subjects,  studies are directed towards changes of the above hormones were considerable in
this issue: can a change in conditions change the natural martial arts such as judo and karate. In such activities,
production of testosterone? One of those conditions physical  discipline  results  in  the effective mental
which can naturally change testosterone responses is control of the athletes and T response to competition is
physical activity [2]. opposite  in  other  sport  fields.  In  martial  arts,  a  future

[11-13], there is a direct relationship between the
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winner experiences a slight increase in T due to lower aggressiveness,  involvement,  sprints,   jumps,  agility
arousal and higher mental control while losers experience [22, 31] and high physical fitness, it is essential to
higher T level [8]. investigate the probable changes in T and C hormones

On  the other hand, women produce five to seven depending on the outcome in Iranian female basketball
times less testosterone than men [1]. While activation of players  in  two  or  three  consecutive  games  per week
the hypothalamic-pituitary-gonadal axis is the primary (in match season).
source for testosterone in men, in women the majority of
testosterone is derived from  the  peripheral  metabolism MATERIALS AND METHODS
of  dehydroepiandrosterone (DHEA). DHEA is secreted
by the adrenal gland in response to activation  of  the In this quasi-experimental study, the effect of an
HPA axis in reaction to  challenging  or  threatening independent variable (an official basketball game) on
events  and  is  associated with changes in cortisol. If dependent variables (serum testosterone and cortisol,
HPA activation and subsequent release of DHEA are serum T:C) was studied. The statistical population
linked to increases in  women's  testosterone  levels, it is consisted of two teams out of 12 teams in female
biologically plausible to believe that women have a basketball semi-final games of Tehran first clubs. Two
different pattern of relationships among testosterone, teams whose competition was very important (mean age:
cortisol and competition than do men [1]. 20 years, mean testosterone at rest: 0.507 ng/ml, mean

Indeed, active participation  in  the  competition  is cortisol at rest: 96.143 ng/ml) were purposefully selected
not necessarily required to change the level of these as the sample of the study. The subjects were examined to
hormones; these changes also occur in nonphysical ascertain that they did not consume any drugs or
competition such as chess matches: some studies supplements.
reported that there was no relationship between T
changes and outcome; they also reported a significant Data Collection: The blood samples were gathered two
relationship between winning and increased T and hours  before and 15 minutes after the game. Seven
positive mood. Also, testosterone levels increase among players of each team (total N=14) who actively played in
spectators watching their favorite sports teams win and 70% of the official basketball game were selected and
decrease for fans of the losing teams [1]. In a study of investigated as the sample. It should be mentioned that
men and women from a southern university's the coaches of both teams changed the players during the
intercollegiate varsity soccer teams, an increase in game while they did not consider the time the players
salivary T and C after the match as well as a significant actively participated in the game. T and C changes were
increase in C in reserved players have been reported [5]. measured by ELISA method using IBL testosterone and
Cortisol may play a role in behaviors important in cortisol kits (made in Germany).
competition, including aggression, arousal and
mobilization of physiological resources to deal with Data  Analysis:  Kolmogorov-Smirnov  test was to
impending threat or challenge [1]. examine the homogeneity of the obtained data. Paired

Taylor et al., (2000) stated that men are more likely to sample t test was used to study the effect of the
fight-or-flight in stress situations whereas women are basketball game on T and C changes and their ratio in the
more likely to tend-and-befriend [14]. In the above fixed players of both teams before and after the game.
studies, the role of T and C in male competitors has Independent t test was used to investigate the role of
attracted the attention of gland doctors [15]. The results winning and losing in changes of these hormones in loser
of individual sport games such as tennis, wrestling, judo and winners.
and chess were compared with those of team games such
as rugby, football and handball [8, 16-24] while there are RESULTS
few studies of physiological changes and hormonal level
in female athletes [25]. Serum T and C significantly increased in fixed players

The role of T and C as an anabolic-catabolic index in before and after the game (p=0.000). Table 1 shows T and
performance on one hand [26-30] and the nature of a C changes after winning or losing. This table shows that
basketball game as a power sport field and its effect on these hormones did not significantly change in loser and
athletes’ physiological changes on the other hand are of winners (T and C before and after the game p=0.160,
utmost importance. As basketball requires p=0.109, p=0.49, p=0.66 respectively).
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Table 1: SD and level of significance of T and C before and after the game
in losers and winners

Variable Condition Mean Sig.

1 T before the game Winner 0.525 0.491
Loser 0.630

2 T after the game Winner 0.792 0.666
Loser 0.840

3 C before the game Winner 107.750 0.160
Loser 108.270

4 C after the game Winner 149.400 0.109
Loser 179.600

Independent t test

Table 2: SD and level of significance of T and C before and after the game
in fixed players

Variable Condition Mean T value Sig.

1 T Before the game 30.00 5.408 0.000*
After the game

2 C Before the game 95.23 8.183 0.000*
After the game

Paired sample t test

DISCUSSION

The review of related literature shows contrary data
of a biopsychological reaction to stressful stimulator due
to different variables. If previous data of a hormonal
reaction to a sport competition and the outcome is
considered as a component of competitive response to a
competition, a collection of physiological-psychological
variables are effective in hormonal changes.

The first result of this study was a significant
increase in T with strong anabolic effects as well as C with
catabolic effects in fixed players after an official basketball
game (Table 2). In recent years, research indicates that
ergogenic drugs such as anabolic-androgenic steroids,
growth hormone, creatine and other supplements are
increasingly consumed by younger athletes for potential
gains in body mass and strength and performance at the
beginning of their professional sport life [32]. One reason
why T and C changes cannot be investigated in
professional athletes and real match conditions is a lack
of control over these athletes’ nutrition and their
supplement consumption in real match conditions. As the
subjects of this study completely controlled their nutrition
and did not consume any supplements or drugs, it can be
stated that psychological-physiological aspects of the
official basketball game dramatically increased T hormone.
It should be mentioned that as this game was very
important, the players participated with their highest level
of power; therefore, this game probably has played the
role of a maximal exercise with a short-term rest interval in

increasing female athletes’ T hormone. This finding is
contrary to Allen Booth who reported T changes after the
game in men [33]. Some researchers believe that three
factors play an important role in increasing T in strength
training: intensity of training, number of movements and
muscle mass [34]. In the present study, all these three
factors can play a role in increasing T hormone if the
nature of the basketball game is paid attention to. On the
other hand, the subjects of this study consisted of young
basketball players who did not gain control over mental
challenges and stress in an important game as they were
not much competitively experienced. As a result, the
significant increase of T during the game can result from
the subjects’ age.

Mental pressures and stress following physical
activity change C which plays an important catabolic role
in the body. Various results of C changes have been
reported in male and female athletes [9]. The significant
changes of C in this study may result from high mental
pressure of fixed players and the magnitude of the game.
C is recognized as the most important stress hormone
which motivates the catabolic process in the body.

Another finding of this study was the lack of a
significant change in T and C depending on winning or
losing after the game (Table 1). It should be mentioned
that T and C levels were higher in the loser team than the
winner team, but this change was not significant. Most
researches which reported a significant change in these
hormones following winning or losing were carried out for
individual sports such as tennis, wrestling, chess and
judo [9] while only few researchers studied team sports.
The reason can be the higher importance of individual’s
mental interaction in the team and the effect of team on
the athlete’s condition rather than the effect of the
outcome while in an individual sport, the individual
knows only himself responsible for winning or losing; this
fact can greatly affect his physiological and psychological
condition and as a result T response to winning or losing.

Mazur’s biosocial status theory [9] shows that T
levels rise after a successful dominance confrontation
which in turn signals to the individual that further actions
can be taken to maintain or enhance status. Therefore, as
status increases, so does T and as T increases so too
does an individual’s behavior towards acquiring status.
In contrast, after losing a dominance contest, T levels
should decline and the individual should likewise flee
from the competition to avoid further insult or loss of
status. Contrary to this theory, some researchers believe
that the outcome does not change T after sport games [9]
while others report these changes only in men and claim
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that with respect to the low T secretion in women, this interval, inappropriate nutrition, inappropriate time
hormone does not significantly increase following a schedule of games and training, incidence of injury and
physical activity and winning or losing [33]. Another overtraining syndrome. Regarding T and C responses in
reason why T did not increase in female winners is the basketball, it is essential that coaches more deeply
hypothesis of Taylor et al., (2000) which states that men investigate T and C changes in different training seasons
are more likely to fight-or-flight in stress situations and professional games. Periodic recognition and control
whereas  women are more likely to tend-and-befriend. of these hormones by coaches can play an important role
With respect to this idea that if the game is more in women’s health and welfare. However, more research is
aggressive, T may increase more, T increase in women is needed to investigate the effects of different physical
a lower probability depending on winning as the friendlier activities on T and C changes as well as the role of these
the game is, T increase is lower [35]. This fact may predict changes in their sport performance.
the reason why T and C did not change between winners
and losers. REFERENCES

Other studies show that winning or losing does not
change T concentration; on the contrary, if the individual 1. Bateup,   H.S.,    A.    Booth,   E.A.   Shirtcliff  and
assesses a competition as if his competitive pattern is D.A. Granger, 2002. Testosterone, cortisol and
defined as a conformity pattern (previous experience) women's competition, Evolution and Human
along with sympathetic nerve stimulation (SNS) (proactive Behavior, 23: 181-192.
reaction), victory will be more probable while if a non- 2. Booth,  A.,  G.  Shelley,  A.  Mazur,   G.   Tharp  and
proactive reaction is used (e.g. coach’s role), the R.  Kittok,  1989. Testosterone and winning and
probability of defeat along with a decrease in T and an losing in human competition, Hormones and
increase in C and negative mood will increase. If the Behavior, 23: 556-571.
individual assesses the game as important, he may use a 3. Braun,  B.,  L.  Gerson,  T. Hagobian, D. Grow and
proactive reaction; this reaction in turn increases T and S.R.  Chipkin, 2005. No effect of short - term
activates SNS and finally positive mood can be predicted testosterone manipulation on exercise substrate
in the individual. Some adjusting factors of hormonal metabolism in men, J. Appl. Physiol., 99(5): 1930-7.
reactions to competition such as physical fitness, 4. Crewther, B., J. Keogh, J. Cronin and C. Cook, 2006.
physical endeavor and nervousness play an important Possible stimuli for strength and power
role [9, 36-38]. adaptation:acute hormonal responses. Sports

Most researches on male subjects show that short- Medicine, 36(3): 215-38.
term physical activity (10-20 min.) rarely increased T 5. Booth, A. and J. Dabbs, 1995. Cortisol, testosterone
concentration. Other researchers showed that when the and competition among women, Hormones and
physical activity reaches 20-30 minutes, T significantly Behavior, 43: 500-511.
increases. When the physical activity continues, this T 6. Elias, M., 1981. Serum Cortisol,testosterone and
increase continues as well and after the activity finishes, testosterone-binding globulin responses to
T starts decreasing to reach its basal level [27-30]. competitive fighting in human males, Aggressive

CONCLUSION 7. Hasegawa, M., M. Toda and K. Morimoto, 2008.

With respect to the findings of the present study and associated with winning and losing, Biomedical Res.,
a dramatic increase in T immediately after the game in 29(1): 34-46.
female basketball players, it can be concluded that their 8. Obminski, Z. and R. Stupnicki, 1997. Comparison of
physiology is exposed to the T effects. T as a strong the testosterone-to-cortisol ratio values obtained
androgen is accompanied by the desire to participate in from hormonal assays in saliva and serum, J. Sports
masculine activities, aggressive behavior and voice Medicine Physical Fitness, 37: 50-5.
change. Another finding of this study which expresses 9. Pilaire, E., P. Duche, G. Lac and A. Robert, 1996.
the stressful effects of female basketball games is the C Saliva cortisol, physical exercise and training:
increase. Side-effects of C increase in Iranian elite female Influences of swimming and handball on cortisol
basketball players who are involved in important games concentrations in women, European J. Applied
during two or three consecutive days will increase rest Physiology and Occupational Physiol., 74(3): 274-278.

Behaviour, 7: 215-224.

Changes in salivary physiological stress markers



World J. Sport Sci., 5 (4): 276-281, 2011

280

10. Schultheiss,   O.C.,    M.M.   Wirth,   C.M.  Torges, 21. Kunstlinger, U., H.G. Ludwig and J. Stegemann, 1987.
J.S. Pang, M.A. Villacorta and K.M. Welsh, 2005. Metabolic changes during volleyball matches,
Effects of implicit power motivation on men's and International J. Sports Medicine, 8(5): 315-322.
women's implicit learning and testosterone changes 22. Suay,   F.,    A.   Salvador,   E.    Gonzalez-Bono  and
after social victory or defeat, J. Pers. Soc. Psychol., C. Sanchis, 1999. Effects of competition and its
88(1): 174-88. outcome on serum testosterone, cortisol and

11. Lupo,  C., L. Baldi, M. Bonifazi, L. Lodi, A. Martelli, prolactin, Psychoneuroendocrinol., 24: 551-566.
A. Viti and G. Carli, 1985. Androgen levels following 23. Urhausen, A. and W. Kinderman, 1987. Behaviour of
a  football  match,  European  J.   Sports  Medicine, testosterone, sex hormone binding globulin (SHBG)
54: 494-496. and cortisol before and after a triathlon competition,

12. Mazur,  A.,  1985.  A  biosocial  model of status in International J. Sports Medicine, 8(5): 305-308.
face -  to  -  face   primate   groups,   Social  Forces, 24. Viru, A., 1992. Plasma hormones and physical
64: 377-402. exercise,   International    J.     Sports   Medicine,

13. Salvador, A., 2005. Coping with competitive 13(3): 201-209.
situations in humans, Neuroscience and 25. Stanton, S.J. and O.C. Schultheiss, 2007. Basal and
Biobehavioral Reviews, 29: 195-205. dynamic relationships between implicit power

14. Taylor,  S.,   L.    Klein,   B.   Lewis,   T.  Gruenewald, motivation and estradiol in women, Hormone
R. Gurung and J. Updegaff, 2002. Biobehavioral Behavior, 52(5): 571-80.
responses to stress in females: tend -and- befriend, 26. Banfi, G., M. Marinelli, G.S. Roi and V. Agape, 1993.
not   fight-    or-    flight,    Psychological   Review, Usefulness of free testosterone/cortisol ratio during
107: 411-29. a season of elite speed skating athletes, International

15. Christiansen, K., 2001. Hormones and sports: J. Sports Medicine, 14(7): 373-379.
Behavioural effects of androgen in men and women 27. Passelergue, P., 1999. Saliva cortisol, testosterone
J. Endocrinol., 170: 39-48. and T/C ratio variations during a wrestling

16. Hakkinen, K., A. Pakarinen, H. Kyrolainen, S.  Cheng, competition and during the post-competitive
D.H. Kim and P.V. Komi, 1990. Neuromuscular recovery period, International J. Sports Medicine,
adaptations and serum hormones in females during 20(2): 109-13.
prolonged powe training, International J. Sports 28. Mazur, A. and A. Booth, 1998. Testosterone and
Medicine, 11(2): 91-8. dominance in men, Behave Brain Sci., 21: 353-97.

17. Izquierdo,   M.,    J.   Ibanez,   J.J.   Gonzalez-Badillo, 29. Mazur, A.and T.A. Lamb, 1980. Testosterone, Status
K.   Hakkinen,    N.A.   Ratamess,   W.J.  Kraemer, and mood in human males, Hormones and Behaviur,
D.N.  French, J. Eslava, A. Altadill, X. Asiain and 14: 236-242.
E.M. Gorostiaga, 2006. Differential effects of strength 30. Parmigiani,  S.,  A.  Bartolomucci, P. Palnaza, P. Gali,
training leading to failure versus not to failure on N. Rizzi and R. Volpi, 2006. In judo, Randori (Free
hormonal responses, strength,and muscle power Fight) and Kata (Highly Ritualized Fight)
gains, J. Appl. Physiol., 100(5): 1647-56. Differentially change plasma Cortisol, Testosterone

18. Kivlighan, K.T., D.A. Granger and A. Booth, 2005. and interleukin levels in male participants,
Gender differences in testosterone and cortisol Aggressive Behavior, 32: 481-489.
response to competition, Psychoneuroendocrinol., 31. Hoffman, Jay R., 2000. Exercise and Sport Sciences,
30(1): 58-71. pp: 733-743.

19. Kraemer, W.J., M.S. Fragala, G. Watson, J.S. Volek, 32. Calfee, R. and P. Fadale, 2005. Popular Ergogenic
M.R. Rubin, D.N. French, C.M. Maresh, J.L. Vingren Drugs and Supplements in Young Athletes,
and D.L.  Hatfield, 2008. Hormonal responses to a Pediatrics (Official Journal of the American Academy
160-km race across frozen Alaska, British J. Sports Of Pediatrics), 117: 577-589.
Medicine, 42(2): 116-120. 33. Edwards, D., K. Wetzel and D. Wyner, 2005. Inter

20. Lac, G. and P. Berthon, 2000. Changes in cortisol and Collegiate Soccer: Saliva cortisol and testosterone are
testosterone levels and T/C ratio during an elevated during competition and testosterone is
endurance competition and recovery, J. Sports related to status and social connectedness with
Medicine Physical Fitness, 40: 139-44. teammates, Physiology and Behavior, 87(1): 135-143.



World J. Sport Sci., 5 (4): 276-281, 2011

281

34. Hakkinen,   K.,    A.     Pakarinen,      W.J.   Kraemer, 37. Kevin, D., McCaul, A. Brian Gladue and Margaret
A. Hakkinen, H. Valkeinen and M. Alen, 2001. J. Joppa, 1992. Winning, Losing, mood and
Appl. Physiol., 91(2): 569-80. Testosterone,     Hormones        and     Behavior,

35. Bernhardt, P.C., J. Dabbs and J.A. Fieldem, 1998. 26(4): 486-504.
Testosterone changes during vicarious experiences 38. Wirth, M.M., K.M. Welsh and O.C. Schultheiss, 2006.
of winning and losing among fans at sporting events, Salivary  cortisol  changes  in humans after winning
Physiology and Behaviour, 65: 59-62. or losing a dominance contest depend on implicit

36. Gonzalez-Bono,  E.,  A.  Salvador, M.A. Serrano and power motivation, Hormone Behavior, 49(3): 346-35.
J. Ricarte, 1999. Testosterone, cortisol and mood in
sports  team competition, Hormones and Behavior,
35: 55-62.


