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Abstract
Background: Playing venue conditions is a prominent contributor to the performance of players in a
competition. Hence, the present study was designed to evaluate the effect of playing venue on the
hormonal responses, psychological state, and perception of effort in inter-university basketball players.

Methods: A total of 96 male basketball players from eight different public and private sector universities
were monitored during eight competitive matches played against each other on a home and away
ground. Testosterone and cortisol levels were measured before and after each match. The psychological
state test was conducted before each match and the perception of effort score was taken after the
match.

Results: Elevated testosterone levels, before playing a match, as evidenced at home ground, however, a
4% decline was recorded in testosterone level at away venue, even before playing the match. Both
testosterone and cortisol levels depicted the same trend on home as well as away ground. Pre-match
testosterone concentration and the percent changes in these hormones were related to self-con�dence,
especially when playing at home, and cortisol pre and post concentration related to cognitive anxiety,
somatic anxiety, and perception of effort.

Conclusions: The playing in�uenced hormonal responses before the commencement of basketball
matches at away ground. These hormonal responses were related to players' psychological state, which
might contribute to players’ behavior and outcomes of matches.

Background
Basketball is a sport played by two teams on a rectangular court, each with �ve players [1]. There are
many strategies for ball-handling, shooting, passing, dribbling, and rebounding in this game. Basketball is
an irregular sport characterized by high-intensity activity and low-intensity recovery periods [2]. High-
intensity activity periods comprise high-speed running, jumping, sprinting, and bodily contact, while, low-
intensity recovery periods contain standing, walking, and jogging movements [3]. These activities are
performed over four quarters in a basketball match [4]. Probably, the high-intensity demands during the
match may cause stress to the immune, endocrine, and muscular systems [5]. In this context, a playing
venue is a valid tool for monitoring a player’s hormonal response and anxiety levels because a home
playing venue provides a comfort zone to a player [6 - 8].

Testosterone (T), a steroid hormone, is linked up with the assertive behavior of the players, which
contributes to increased performance at home as well as away grounds [9]. This hormone also has a
crucial role in maintaining territoriality in the kingdom Animalia [10]. Cortisol, a stress hormone, produced
by the adrenal cortex, also responds to the competitive environment [11]. Anxiety level increases when the
athletes perform at an away playing venue [6]. It results in situations that cause failure, misfortune, and
danger to the individuals [12]. The anxiety occurs in individuals before the competition due to the
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concerns related to the competition as well as when athletes feel an important and strong threat against
themselves such as an injury, shame, or loss of prestige [12, 13].

Competitive state anxiety has three sub-scales; cognitive anxiety, somatic anxiety, and self-con�dence.
Cognitive anxiety may be caused by negative images and thoughts created by the persons about
themselves [14]. On the other hand, somatic anxiety expresses itself with a person's physical symptoms
and concerns the physiological and behavioral dimensions of anxiety [15]. Physiological and behavioral
dimensions directly in�uence the person as a result of the excitement and show sudden development
[15]. Self-con�dence during sports activities is a well-documented phenomenon that increases along with
the understanding of the player about the game [16]

Perception of the effort; which is based on the conscious sensations comprising toughness, heaviness,
and strenuousness of a physical task; is measured by the rating of perceived exertion (RPE) of the players
after a competition [17].

This study is conducted with the objectives to check the effect of playing venues on hormonal responses
of basketball players that how testosterone and cortisol concentrations vary, assess the players’ overall
anxiety scores with its three different subscales, and lastly, determine the perception of effort on both
home and away venues.

Methods
Ethics approval

The ethics approval was granted by the Institutional Review Board (IRB)/Ethics Committee, University of
the Punjab, Lahore, Pakistan. The research has been performed in accordance with the Declaration of
Helsinki. Informed consent to participate in the study was obtained prior to conduct the study from
participants as well as their directors and team management committee.

Study design and participants

This is a cross-sectional descriptive as well as an experimental study conducted among 96 basketball
players from eight public and private universities in Lahore, Pakistan. All the players were physically �t,
had participated in the Higher Education Commission (HEC) inter-university sports competition 2016-17,
and with an age ranging from 18 to 24 years. Players were involved in their routine training schedule.

Study procedure

To collect the data of both the home venue and away venue competition, basketball matches were
organized in such a way that every team got a chance to play one match in-home venue and one match
on an away venue with the same opponent team.
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Blood sampling was done before sixty minutes of the commencement of the match. A registered medical
technician from a patent pathology laboratory, under the supervision of a quali�ed medical practitioner,
was hired for the blood sampling of recruiting players for pre-test analysis, keeping in view all the ethical
aspects. Then, players were allowed to play the match. After 15 minutes, again blood sampling was done
for the post-test analysis. The same practice was repeated in all eight basketball matches with the time-
lapse of one match after every three days early in the morning after getting an eight-hour normal sleep on
average and a standard local breakfast with basic macro and micronutrients. Every time after taking the
blood sample medical staff shifted the samples to the laboratory for assessment of testosterone and
cortisol levels in the blood before and after the matches. Testosterone and cortisol assessment was done
by the enzyme-linked immunosorbent assay (ELISA) method.

The psychometric assessment was done 30 minutes before the match using competitive state anxiety
inventory-2 (CSAI-2) [18]. Both teams were preceded by warm-up, light coordination exercises, show ball
drills, and stretching of the major muscle groups. Each player was asked to perform in normal
psychological mode with no extra pressure. The Illinois Competition Test or CSAI-2 consists of 27 items,
with 9 items for each subscale, named cognitive anxiety, somatic anxiety, and self-confidence [18]. All
items were rated on a 4-point Likert scale.

Perception of effort was measured after the match, through the session-RPE score [19] to quantify the
internal training load. In the present study, this scale was used to assess the player’s match intensity after
the match, wherein, each player rated the match intensity using the CR-10 sliding scale, with 1 = nothing
at all and 10 = very hard. Match intensity was assessed after 30 minutes of the match ending [20]. A
simple question was asked to the players, “How was your workout” and their responses were taken to a
chart outlining the full RPE scale with the appropriate explanations. This method is considered a valid,
useful, and practical method for monitoring the competitive intensity of the players.

Statistical analysis

Results were analyzed, statistically by pairing sample “t” test [21], to work out the signi�cance variations
amongst the parameters of the study, in comparable groups. Secondly, descriptive statistics were applied
to measure psychometric assessment on psychological state and perception of the effort of the players.

Results
Signi�cant reduction (P < 0.001) of 11% in post-test testosterone levels was evidenced at the home
ground when compared with pre-test levels. Prominent reduction (P < 0.001) of 16% in the post-test
testosterone level was noticed at an away ground as compared to pre-test testosterone levels. A mild
difference was present in testosterone level in pre-test vs pre-test comparison of basketball players while,
playing on a home and away playing venues, respectively. Obvious reduction (P < 0.001) of 19% was
present in post-test testosterone level at an away ground, as compared to pre-test levels of the home
ground venue. Non-signi�cant variation was present in post-test vs pre-test comparison of testosterone
level of basketball players, while, playing on a home and away playing venues, respectively. Marked
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(P<0.05) reduction of 9% was evidenced in post-test testosterone level on away ground, as compared to
the post-test analysis of testosterone at home ground (Fig. 1, Table 1).

Signi�cant elevation (P < 0.001) of 34% was evidenced in post-test cortisol levels of basketball players as
compared to pre-test levels, while, playing on their home ground. Pre-test and post-test comparison of
cortisol level of basketball players depicted marked elevation (P < 0.001) of 16% in the post-test analysis
as compared to pretest levels on away ground. Considerable elevation (P < 0.01) of 16% was presented in
pre-test cortisol levels at away ground as compared to the pre-test cortisol level at home ground.
Prominent elevation (P < 0.001) of 25 % was presented in post-test cortisol level at away ground as
compared to pre-test cortisol level at home ground. Signi�cant decline (P < 0.05) of 13% was evidenced in
pre-test cortisol level at away ground as compared to post-test cortisol level at home ground. Non-
signi�cant variations were observed in post-test vs post-test comparison of cortisol level of basketball
players while playing at home and away playing venues, respectively (Table 2; Fig. 2).

The psychological state of basketball players on home and away grounds regarding cognitive state
anxiety shows that players feel more cognitive anxiety on away grounds as compared to their home
grounds. The average cognitive state anxiety score on the away ground was mildly increased by 14%, as
compared to the home ground (Fig. 3). Whereas, prominent elevation (P < 0.001) was presented by
somatic state anxiety score at away ground as compared to the home ground (Fig. 3). Players feel more
con�dent on their home grounds as compared to away ground. The average self-con�dence score on the
away ground was declined non-signi�cantly as compared to the home ground. (Fig. 3; Table 3).

There is a remarkable elevation (P < 0.001) of 34% in basketball players’ physical exertion score on away
venues as compared to home ground.

 

Discussion
There are several key �ndings of this study, conducted on male inter-university basketball players. It was
observed that when players performed at their home playing venue, their level of testosterone was raised
and they also won the matches due to an increased score self-con�dence. Further, it was also
documented in the current study that the cortisol level of players was elevated due to an increased score
of physical exertion (perception of effort) cognitive and somatic anxiety, on away ground before and after
the match.

The current research found that playing venue affects the player’s pre-match hormonal responses on the
home ground as well as on away ground even he did not play his match.

Testosterone, particularly, among males, is an anabolic hormone that in�uences sports competition by
increasing motivation and physical ability to compete [22]. In our �ndings, the testosterone level was
signi�cantly elevated on the home ground and decreased on the away ground. The trend of reduced
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testosterone levels in players was seen on away playing ground situations in comparison to the
testosterone level of the same players on their home ground, it was declined just because of the changing
the playing venue. Moreover, this reduced trend of testosterone might harm away from playing venues.
The reduced testosterone level might halt the overall performance of game tactics and poor skill
execution resulting in losing a match on grounds other than home.

Some studies found no alteration in the hormonal pro�le of playing at the home venue or away venue [23,
24]. Whereas, some researchers found a signi�cant difference in the hormonal pro�le of players who are
participating in the competition, played at home venue as compared to those players who are playing
away from the home ground.

Additionally, it has been documented earlier that the concentration of testosterone hormone increases
after winning the competition, either it is in the home ground or away from the home ground [8].

Cortisol is a catabolic hormone, belonging to the steroid category, has an association with uncontrolled
and unstable conditions [24]. It is also called the stress hormone. When any emergency and competitive
situations are encountered, it prepares the human body to respond to the stressor stimulus. The
challenging conditions and appraisal of threatening are associated with increased cortisol levels that
might be due to the hypothalamic-pituitary-adrenal axis (HPA) responses to both psychological and
physical stress from the external environment [25].

Whenever, any sign of disturbance is observed, HPA response through cortisol biosynthesis acts as an
indicator of stress condition [26]. In response to the unstable and stressful conditions, cortisol begins to
rise. For example, in a competitive state, a player encounters several psychological stimulators and
stressors, perpetuating the rising of cortisol that results in altered glucose level, cardiovascular activation,
and anti-in�ammatory responses to tackle the overwhelming stress [27].

In our study, the level of cortisol was signi�cantly elevated on away ground due to an increased level of
cognitive anxiety, somatic anxiety, physical exertion, less support of the crowd, referee’s biased decision
against visiting team, and traveling fatigue. In the current study, it was observed that level of cortisol was
also decreased on the home ground due to the balanced and supportive environment of the playing
venue.

It was also observed that athletes who were performing away from their home grounds had felt a high
level of cognitive and somatic anxiety [6]. In another investigation of tennis players, somatic anxiety was
positively correlated with the concentration of Cortisol [20]. Whereas, in another research, a positive
relation was observed between pre and post-�ght cortisol levels in Judaists and somatic anxiety. Somatic
anxiety, testosterone, and pre-round cortisol in the competition of golf also expressed the same similar
trends [28].

Generally, in sports competitions, variations in behavior and physical expressions are caused by the
hormonal changes mediated by the triggering of HPA in response to the externally stimulating factors.
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It has been investigated by researchers, the negative relationship between cognitive anxiety and salivary
testosterone level was documented on playing venues away from his home venue depicting that when a
player is performing, he feels worried, apprehension and nervousness, due to an unfamiliar attitude with
the playing venue [29]. Hence, location also in�uences psychological factors such as the level of state
anxiety.

It has been found in another study the score of trait and state anxiety in the �nal match of the
tournament as compared to the semi�nal match [30]. About the location of the tournament, these
researches indicated that the athletes who were playing in the opponent’s venue had a higher level of
somatic and cognitive anxiety as compared to players who were playing on home grounds.

In our �ndings, we investigated that basketball players felt more somatic and cognitive anxiety, while,
playing on away ground before the commencement of the match. Whereas, their self-con�dence score
was evaluated higher on their home ground before the start of the match.

In our �ndings, on both home and away from the ground, the players’ physical exertion score was
evaluated higher after the match, due to increased levels of cognitive anxiety, somatic anxiety, and
elevated cortisol level.

The RPE is one’s sensation about the intense, hard, and vigorous workout. As the pacing strategy changes
with the competition, the rate of RPE also changes. During the competition, the score of RPE progression
has a linear relationship between the certainty of endpoint and the duration of the competition [31].

In o�cial basketball matches, high RPE was found when a comparison was made between professional
players in simulated competitions [32]. In those competitions, greater RPE was noticed among players
because matches were played at higher intensities due to increased physical and psychological
demands.

Conclusion
Conclusively, the outcomes of the present investigation suggest that changing the playing venue
in�uences the hormonal responses of the players. Testosterone, in basketball players, demonstrated a
reducing trend, on venue other than the home ground, even before playing the match, proposing
unfamiliar conditions negatively in�uences the performance of players.

Moreover, cortisol depicted an increasing trend as the players move from home to away ground. This can
be due to unfamiliar conditions of away ground venues in�uencing HPA resulting in elevated cortisol
levels. Somatic state anxiety and perception of effort also demonstrated an increasing trend on away
grounds deducing that players on away grounds perform less to low skill execution and reduced self-
con�dence.
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Tables
Table 1 Average level of testosterone (ng/mL) on comparable groups

Game Code Venue
comparison

Test
type

Testosterone
(ng/mL)

Mean ± SEM

Percentage
Difference

P-
value

Basketball

n=96

A Home vs Home Pre

Post

5.55 ± 0.20

4.94 ± 0.15

11↓ *** <
0.0001

B Away vs Away Pre

Post

5.34 ±. 014

4.50 ± 0.11

16↓*** <
0.0001

C Home vs Away Pre

Pre

5.55 ± 0.20

5.34 ± 0.14

4↓ 0.4

D Home vs Away Pre

Post

5.55 ± 0.20

4.50 ± 0.11

19↓*** <
0.0001

E Home vs Away Post

Pre

4.94 ± 0.15

5.34 ± 0.14

8↑ 0.0667

F Home vs Away Post

Post

4.94± 0.15

4.50 ± 0.11

9↓* 0.0253

 *, ***indicate signi�cance at P < 0.05, 0.001, respectively

Table 2 Average level of cortisol (μg/dL) in comparable groups
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Game Code Venue
comparison

Test
type

Cortisol

(μg/dL)

Mean ±
SEM

Percentage
Difference

P-value

Basketball

n=96

A Home vs Home Pre

Post

9.01 ± 0.39

12.03 ±
0.63

34↑ *** 0.0001

B Away vs Away Pre

Post

10.42 ±
0.19

12.04 ±
0.45

16↑** 0.0017

C Home vs Away Pre

Pre

9.01 ± 0.39

10.42 ±
0.19

16↑** 0.002

D Home vs Away Pre

Post

9.01 ± 0.39

12.04 ±
0.45

25↑*** <0.0001

E Home vs Away Post

Pre

12.03 ±
0.63

10.42 ±
0.19

13↓* 0.0176

F Home vs Away Post

Post

12.03 ±
0.63

12.04 ±
0.45

- 0.99

*, **, ***indicate signi�cance at P < 0.05, 0.01, 0.001, respectively.

Table 3 Psychological state score of basketball players at different venues
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Psychological Components Venue N Score

Mean ± SEM

P-value

Cognitive State Anxiety Home 96 2.15 ± 0.04 0.584

Away 2.46 ± 0.04

Somatic State Anxiety Home 2.57 ± 0.04 0.001*

Away 2.71 ± 0.03

Self-Con�dence Home 2.14 ± 0.06 0.712

Away 2.07 ± 0.06

*P< 0.01 is considered as signi�cant variation

Table 4 Physical exertion (perception of effort) score of players

Game Venue Score

Mean ± SEM

P-value

Basketball

(n= 96)

Home 4.17 ± 0.14 0.000*

Away 5.69 ± 0.20

*P< 0.001 is considered a signi�cant variation

Figures
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Figure 1

Average level of testosterone (ng/mL) at different venues
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Figure 2

Average level of cortisol (μg/dL) on different venues
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Figure 3

Psychological state score of basketball players

Figure 4
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Basketball players’ physical exertion (perception of effort)


