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Objective:  This study examined the associations between competitive anxiety, self-

confidence, salivary cortisol (sCort), salivary alpha-amylase (sAA), and 

performance outcomes in elite female basketball players. 

Methods and Materials: In this observational cross-sectional study, 30 elite female 

basketball players (mean age = 16.4 ± 0.9 years) competing at national and 

international levels were included. Psychological states were assessed using the 

Persian version of the Competitive State Anxiety Inventory-2 Revised (CSAI-2R) 

approximately 1 hour prior to competition. Saliva samples were collected 30 minutes 

before competition to measure sCort and sAA. Pearson correlation and multiple 

regression analyses were performed to examine associations and exploratory 

multivariable relationships. 

Findings: Higher levels of cognitive and somatic anxiety were significantly 

associated with lower free-throw and field-goal percentages and with more 

turnovers, whereas self-confidence showed the opposite pattern. Pre-competition 

sCort and sAA were positively associated with anxiety and negatively associated 

with self-confidence. In exploratory multivariable analyses, overall regression 

models were significant for several performance indicators, although individual 

predictors in enter models were not significant, suggesting substantial shared 

variance among predictors. In backward exploratory models, sAA, self-confidence, 

and cognitive anxiety/sCort combinations were retained in models of selected 

performance outcomes.  

Conclusion: These findings highlight the importance of integrated 

psychophysiological monitoring in elite sport. Combined psychological and 

physiological assessments may support coaches and practitioners in optimizing 

performance and managing competitive stress in high-level athletes. 
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1. Introduction 

asketball is a fast-paced team sport that involves short 

bursts of high-intensity activity. It places significant 

demands on athletes' cognitive, perceptual, and motor skills. 

Players must engage in repeated high-intensity efforts while 

also processing information quickly, making decisions, and 

coordinating complex movements—all under time pressure 

(1). This combination of physiological load and cognitive 

demand makes basketball a suitable model for examining 

psychophysiological stress responses, particularly in elite 

athletes exposed to high-pressure competitive environments 

(2). In this context, regulating anxiety and stress responses 

is crucial for maintaining consistent performance. 

Competitive anxiety is widely recognized as a major 

psychological factor that affects athletic performance. It is 

defined as a negative emotional state marked by cognitive 

worry, heightened physiological arousal, attentional 

disruption, and a threat-based appraisal of competitive 

situations (3). Competitive anxiety is understood through the 

multidimensional anxiety theory, which identifies its 

manifestation across three domains: cognitive (e.g., intrusive 

thoughts, concerns about performance), somatic (e.g., 

increased heart rate, muscle tension), and behavioral (e.g., 

irritability, impulsive reactions, disruption of pre-

performance routines). When these responses are not 

properly managed, they can hinder emotional control and 

diminish the athlete's ability to perform optimally under 

pressure (4). The interaction between these factors has been 

framed within theoretical models that describe how 

increases in physiological arousal and cognitive anxiety 

together influence performance outcomes. This relationship 

is often explained through the catastrophe model (5). This 

model suggests that performance is influenced by the 

interaction between cognitive anxiety and physiological 

arousal. When cognitive anxiety is high, even small 

increases in arousal can lead to sudden and significant 

declines in performance, rather than gradual decreases (6). 

These non-linear effects are especially relevant in basketball, 

where performance outcomes are highly sensitive to 

momentary changes in attention, precision, and decision-

making (7). Consistent with this framework, systematic 

reviews have identified competitive anxiety as one of the 

most significant psychological factors affecting basketball 

performance at all levels of competition (8). Empirical 

studies show that poorly managed anxiety can impair 

attentional control, decision-making, and fine motor skills, 

particularly in high-pressure situations like free-throw 

shooting (9). Furthermore, recent evidence indicates that 

anxiety responses in basketball players are influenced by 

factors such as age, competitive experience, and contextual 

demands, along with activation of physiological stress 

systems (10, 11). 

In competitive settings, competitive stress, 

conceptualized as a biopsychosocial phenomenon (12), 

rapidly activates neural threat-processing networks, 

whereby the amygdala, hypothalamus, and monoaminergic 

brainstem structures play central roles in initiating stress 

responses that involve both the hypothalamic–pituitary–

adrenal (HPA) axis and the sympathetic–adrenal–medullary 

(SAM) system. Activation of the HPA axis leads to cortisol 

secretion, with salivary cortisol (sCort) serving as a valid and 

non-invasive indicator of HPA activity and hormonal stress 

regulation (13). In parallel, activation of the SAM system 

results in rapid increases in salivary alpha-amylase (sAA), a 

sensitive marker of sympathetic nervous system activity that 

responds almost immediately to psychosocial stressors (14). 

The distinct temporal dynamics of these biomarkers indicate 

that sAA reflects an immediate stress response, whereas 

sCort represents a delayed and more sustained activation 

(15). Accordingly, the sampling protocol was standardized 

within the pre-competition period to capture the fast-reacting 

sympathetic response indexed by sAA alongside the 

relatively slower HPA-axis response reflected by sCort, 

thereby allowing both biomarkers to be interpreted within 

the same anticipatory stress context. 

Previous research has shown that increases in competitive 

anxiety are commonly accompanied by elevations in both 

sCort and sAA, and that these responses are associated with 

impaired sport performance (8, 16, 17). Studies conducted in 

basketball contexts largely support this pattern. For instance, 

Madrigal & Wilson (2017) reported significant pre-

competition increases in sCort among female basketball 

players, with higher cognitive anxiety associated with 

greater cortisol concentrations (18). Similarly, Tabassum et 

al., (2021) found that pre-competition contextual stressors 

(e.g., away games) increased anxiety levels, elevated sCort, 

and reduced self-confidence in basketball players, which 

coincided with subsequent performance declines (19). 

Despite these findings, empirical evidence in female 

basketball players remains limited. The few available studies 

suggest that competitive stress elicits meaningful 

physiological responses in female athletes (20), yet 

integrated examinations combining psychological and 

physiological markers across these temporal phases are 

scarce. A recent systematic review by Kamarauskas & 

B 

https://jpsad.com
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Conte, (2022) concluded that official basketball 

competitions consistently induce increases in both sCort and 

sAA. Importantly, researchers emphasized that the existing 

evidence is almost exclusively derived from male samples 

and that controlled investigations focusing on elite female 

basketball players are largely absent (10). Given established 

sex-related differences in emotion regulation and 

physiological stress reactivity, potentially driven by 

hormonal fluctuations (e.g., estrogen and progesterone), as 

well as differences in HPA-axis activity and sympathetic 

nervous system responses, this lack of female-specific 

evidence represents a significant limitation in the current 

literature. However, no study to date has simultaneously 

investigated psychological (anxiety and self-confidence) and 

physiological (sCort and sAA) responses in relation to 

performance outcomes in elite female basketball players 

under competitive conditions. Therefore, the aim of the 

present study was to examine the associations between 

competitive anxiety and self-confidence with sCort and sAA 

levels in elite female basketball players during the pre-

competition period. In line with the cross-sectional design, 

the study was limited to examining associations rather than 

causal relationships. It was hypothesized that cognitive and 

somatic anxiety would be positively associated with sCort 

and sAA, whereas self-confidence would be negatively 

associated with these biomarkers. Furthermore, higher levels 

of anxiety and physiological stress responses were expected 

to be associated with poorer performance outcomes, whereas 

higher self-confidence was expected to be associated with 

better performance. 

2. Methods and Materials 

2.1 Participants 

A sensitivity power analysis was performed using 

G*Power (version 3.1.9.7) to determine the minimum 

detectable effect size given the study sample. For a multiple 

linear regression model with five predictors (cognitive 

anxiety, somatic anxiety, self-confidence, sCort, and sAA), 

assuming a significance level of α = 0.05 and statistical 

power of 0.80, a total sample size of 30 participants was 

sufficient to detect a large effect size (f² = 0.54). This a priori 

analysis ensures that the study was adequately powered to 

detect large effects, minimizing the risk of Type II errors. 

However, smaller effects might not have been reliably 

identified with the current sample size. The chosen effect 

size threshold (f² = 0.54) reflects practical significance, 

ensuring that meaningful relationships between predictors 

and outcomes were captured. (21). Participants were 

selected from the Iranian women’s national basketball team 

training camp and represented the highest competitive level, 

including national and international-level athletes (mean 

age: 16.4 ± 0.9 years; height: 178.0 ± 10.1cm; body mass 

index: 21.3 ± 1.3 kg·m⁻²; weekly training volume: 18.93 ± 

2.48 hours). Participants were non-smokers and in good 

general health, with no history of neurological, psychiatric, 

endocrine, or musculoskeletal disorders that could influence 

psychological or physiological responses. Eligibility was 

confirmed via self-report and medical record review. 

Participants were also instructed to maintain consistent sleep 

and dietary routines prior to testing to minimize variability 

in physiological measures. Participants were instructed to 

abstain from caffeine consumption for at least 12 hours prior 

to sampling. Menstrual cycle phase and hormonal status 

were not controlled or recorded. This study was approved by 

the Committee of Research Ethics at the Sport Sciences 

Research Institute of Iran and conducted in accordance with 

the Declaration of Helsinki. All participants provided written 

informed consent prior to participation and received no 

financial or material compensation. 

2.2 Measures 

2.2.1 Psychological assessments 

The revised Persian version of the Competitive State 

Anxiety Inventory-2 (CSAI-2R) was employed to assess the 

multidimensional components of competitive anxiety (3). 

The instrument consists of 16 items distributed across three 

subscales: somatic anxiety (6 items; e.g., “My body feels 

tense”), cognitive anxiety (5 items; e.g., “I am concerned 

about this competition”), and self-confidence (5 items; e.g., 

“I am confident that I can meet the challenge”). Items are 

rated on a 4-point Likert scale ranging from 1 (“Not at all”) 

to 4 (“Very much so”), with higher scores reflecting greater 

intensity of the respective psychological constructs. Scores 

for each subscale were summed across the items, with 

possible total score ranges from 6 to 24 for each subscale. 

The Persian version of the CSAI-2R has been validated in 

Iranian athlete populations, demonstrating satisfactory 

reliability and factorial validity (22). In the present study, the 

questionnaire was administered in paper-based format 

approximately 1 hour prior to competition. 
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2.2.2 Physiological assessments 

Salivary samples were collected to assess physiological 

stress responses, specifically sCort and sAA. Whole saliva 

was obtained using the passive drool technique while 

participants were seated in a relaxed position. Participants 

were instructed to allow saliva to accumulate naturally for 

approximately 2 minutes before expelling it into sterile 

polypropylene tubes. Each participant provided 

approximately 2 mL of saliva, which met the minimum 

required volume for reliable biochemical analysis of sCort 

and sAA levels. To ensure the integrity of the samples, a 

standardized waiting period of 30 seconds was imposed 

following mouth rinsing with water. This interval was 

included to minimize potential dilution effects and guarantee 

the optimal quality of the samples. Participants were 

instructed to refrain from eating or drinking for at least one 

hour and to avoid tooth brushing for 30 minutes prior to 

sample collection to reduce the risk of contamination. 

Immediately before sampling, participants rinsed their 

mouths with water to remove residual debris, following 

standard procedures in salivary biomarker research (23). 

Samples were stored at −20 °C until analysis. Samples were 

processed in batches to control for potential variability 

across measurements. Prior to biochemical assessment, 

samples were thawed and centrifuged at 3000 rpm for 10 

minutes to obtain clear supernatant. The centrifugation was 

performed at room temperature to prevent any temperature-

related inconsistencies that could affect the sample integrity. 

sCort concentrations were determined using a commercially 

available enzyme-linked immunosorbent assay (ELISA) kit 

(Zellbio™, Germany; sensitivity = 0.1 nmol/L; intra- and 

inter-assay CVs < 8%). sAA activity was determined using 

a commercially available kinetic enzyme assay kit 

(Salimetrics, USA; sensitivity = 0.5 U/mL; intra- and inter-

assay CVs < 9%), with enzyme activity expressed in U/mL. 

2.2.3 Performance assessment 

Basketball performance was assessed using objective 

competition-based indicators derived from official 

competition statistics. The selected variables included free-

throw percentage, field goal percentage, turnovers, assist-to-

turnover ratio, and competition outcome (win/loss), all of 

which are commonly used metrics in basketball performance 

analysis and are directly linked to cognitive control and 

motor precision, which are known to be disrupted by anxiety 

and stress in high-pressure situations (24). Free-throw 

percentage was calculated as the number of successful free 

throws divided by the total number of free-throws attempts 

during the competition and expressed as a percentage. Only 

players with at least one free-throw attempt were included in 

the analysis. Field goal percentage was computed as the ratio 

of successful two- and three-point field goals to the total 

number of field goal attempts. Similarly, inclusion required 

at least one field goal attempt. Turnovers were recorded as 

the total number of possessions lost due to errors in ball 

handling, passing, or rule violations, as documented in the 

official competition statistics. The assist-to-turnover ratio 

was calculated by dividing the total number of assists by the 

total number of turnovers, providing an index of offensive 

efficiency based on standard performance analysis 

conventions (25). Competition outcome was recorded 

dichotomously as win or loss. All performance variables 

were obtained from official statistics collected by the 

competition’s technical staff in accordance with established 

basketball data recording procedures. The data collectors 

were independent of the research team and were not 

informed about the study hypotheses. Data extraction and 

verification were conducted following standard protocols 

(25). Performance metrics were not normalized per playing 

time, as all athletes played a comparable amount of time 

during the competition. 

2.3 Procedure 

The study was performed during an internal selection 

competition for the Iranian women’s national basketball 

team, providing an ecologically valid, high-pressure 

competitive environment. All competitive activities were 

carried out in accordance with official International 

Basketball Federation (FIBA) regulations. One week prior 

to the competition, baseline saliva samples (approximately 

2.5 mL) were collected from all athletes under non-

competitive, low-stress conditions. To ensure comparability, 

baseline sampling was conducted at the same time of day as 

competition sampling, thereby controlling for circadian 

fluctuations in cortisol secretion. On the day of competition, 

participants completed the CSAI-2R approximately 1 hour 

before the start of the competition (around 09:00 h). Saliva 

samples for the assessment of sCort and sAA were collected 

30 minutes later (around 09:30 h). Participants remained 

seated and refrained from any physical activity during the 

interval between questionnaire completion and saliva 

sampling to avoid acute influences on physiological stress 

markers. Following sample collection, athletes performed 

their standardized pre-competition warm-up routines, and 

https://jpsad.com
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the official competition commenced at approximately 10:00 

h. A schematic overview of the study timeline is shown in 

Figure 1.

 

Figure 1. Schematic overview of the study timeline. Baseline saliva samples were collected one week before competition under non-

competitive conditions at the same time of day as competition sampling. On the competition day, participants completed the CSAI-2R 

approximately 60 minutes before the start of the game (around 09:00 h), followed by saliva collection for sCort and sAA approximately 30 

minutes before competition (around 09:30 h). The official competition began at approximately 10:00 h. CSAI-2R = Competitive State Anxiety 

Inventory-2 Revised; sCort = salivary cortisol; sAA = salivary alpha-amylase.

2.4 Statistical analysis 

All variables were initially screened for normality and 

outliers. Outliers were identified using standardized z-scores 

(±3.0) and were winsorized to the nearest acceptable value 

to reduce their influence. Distributional assumptions were 

evaluated using the Shapiro–Wilk test, confirming the 

suitability of parametric analyses. These results were further 

supported by visual inspection of Q–Q plots and histograms, 

which indicated no substantial deviations from normality. 

Paired-samples t-tests were conducted to compare sCort and 

sAA levels between baseline and competition conditions. 

Pearson correlation coefficients were used to examine 

associations among psychological variables (cognitive 

anxiety, somatic anxiety, and self-confidence), 

physiological stress markers (sCort and sAA), and 

basketball performance indicators. Given the exploratory 

nature of the study, no correction for multiple comparisons 

was applied; therefore, the findings should be interpreted 

with appropriate caution. Point–biserial correlations were 

additionally performed to assess relationships between 

competition outcome (win/loss) and continuous 

physiological and performance variables. To investigate 

associations, multiple linear regression analyses using the 

enter method were conducted to examine the extent to which 

psychological and physiological variables were associated 

with physiological markers and performance outcomes. 

Multicollinearity diagnostics were performed using variance 

inflation factor (VIF) and tolerance statistics, indicating no 

evidence of problematic multicollinearity among predictors 

(VIF < 5; tolerance > 0.20). In addition, backward stepwise 

regression procedures were applied to identify the most 

parsimonious set of predictors. Because of the limited 

sample size and the intercorrelation among predictors, the 

regression analyses were treated as exploratory. Backward 

stepwise procedures were used only as a secondary 

exploratory approach to identify parsimonious variable sets; 

however, these models are susceptible to overfitting, 

unstable variable selection, and inflated Type I error, 
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particularly in small samples. Accordingly, stepwise results 

were interpreted cautiously and regarded as hypothesis-

generating. A binary logistic regression analysis was 

performed to examine factors associated with competition 

outcome, with psychological variables, physiological 

markers, and performance indicators entered as predictors. 

Both enter and backward stepwise approaches were used to 

evaluate model stability. Given the limited number of wins 

(n = 12), the binary logistic regression analysis was 

especially vulnerable to overfitting and unstable parameter 

estimates; therefore, these results were considered 

exploratory only. Effect sizes for correlation analyses were 

interpreted according to Cohen’s conventions (small: r = 

0.10, medium: r = 0.30, large: r = 0.50). Effect sizes were 

calculated using Cohen’s d for dependent samples and 

interpreted based on conventional thresholds (small = 0.20–

0.49, medium = 0.50–0.79, large ≥ 0.80). Statistical 

significance was set at p < 0.05, with all tests being two-

tailed. All analyses were conducted using IBM SPSS 

Statistics (version 27). 

3. Results 

Descriptive statistics and Pearson correlation coefficients 

among the psychological, physiological, and performance 

variables are presented in Table 1.

Table 1. Descriptive statistics, bivariate correlations (Pearson’s r), point-biserial correlations (rpb) among the psychological, physiological, 

and performance variables 

Variable 

Mean (SD)/ 

n (%) 

1 

r 

[95 % CI] 

 

2 

r 

[95 % CI] 

 

3 

r 

[95 % CI] 

 

4 

r 

[95 % CI] 

 

5 

r 

[95 % CI] 

 

6 

r 

[95 % CI] 

 

7 

r 

[95 % CI] 

 

8 

r 

[95 % CI] 

 

9 

r 

[95 % CI] 

 

10 

rpb 

[95 % CI] 

 

1. Cognitive Anxiety 
15.86 (2.77) -          

2. Somatic Anxiety 

15.14 (2.36) 

0.65** 

[0.38, 

0.81] 

-         

3. Self-confidence 

20.31 (2.93) 

-0.70** 

[-0.85, -

0.46] 

-0.59** 

[-078, -

0.29] 

-        

4. sCort before Competition 

(nmol/L) 12.96 (2.84) 

0.52** 

[0.20, 

0.74] 

0.55** 

[0.24, 

0.76] 

-0.70** 

[-0.84, -

0.46] 

-       

5. sAA before Competition 

(U/mL) 73.79 

(16.33) 

0.59** 

[0.30, 

0.78] 

0.63** 

[0.35, 

0.81] 

-0.71** 

[-0.85, -

0.48] 

0.77** 

[0.58, 

0.88] 

-      

6. Free-throw % 

71.95 (6.28) 

-0.58** 

[-0.77, -

0.26] 

-0.60** 

[-0.79, -

0.39] 

0.59** 

[0.30, 

0.78] 

-0.66** 

[-0.82, -

0.38] 

-0.71** 

[-0.85, -

0.47] 

-     

7. Field goal % 

43.30 (5.28) 

-0.59** 

[-0.78, -

0.29] 

-0.40* 

[-0.66, -

0.05] 

0.62** 

[0.34, 

0.80] 

-0.45* 

[-0.69, -

0.10] 

-0.56** 

[-0.76, -

0.25] 

-0.75** 

[-0.87, -

0.54] 

-    

8. Turnovers 

3.76 (1.40) 

0.64 

[0.36, 

0.81] 

0.62** 

[0.34, 

0.80] 

-0.59** 

[-0.78, -

0.30] 

-0.62** 

[-0.33, -

0.80] 

0.65** 

[-0.38, -

0.82] 

-0.38* 

[-0.87, -

0.54] 

-0.53** 

[-0.74, -

0.20] 

-   

9.Assist/Turnover Ratio 

1.55 (0.50) 

-0.50** 

[-0.73, -

0.17] 

-0.61** 

[-0.79, -

0.32] 

0.65** 

[0.39, 

0.82] 

-0.69** 

[-0.84, -

0.45] 

-0.75** 

[-0.87, -

0.54] 

-0.62** 

[-0.80, -

0.33] 

0.54** 

[0.22, 

0.75] 

0.68** 

[-0.83, -

0.42] 

-  

10. Competition Outcome 

(rpb) 

 

Win = 12 

(40 %) 

Loss = 18 

(60 %) 

-0.32 

[-0.61, 

0.44] 

-0.20 

[-0.52, 

0.17] 

0.11 

[-0.25, 

0.45] 

-0.29 

[-0.58, 

0.07] 

-0.34 

[-0.62, 

0.17] 

0.27 

[-0.09, 

0.57] 

0.32 

[0.08, 

0.58] 

-0.13 

[-0.47, 

0.23] 

-0.08 

[-0.28, 

0.43] 

- 

*p < 0.05, **p < 0.01, n= 30. 

 

Paired-samples t-tests revealed that physiological stress 

markers increased significantly from the baseline 

assessment to the competition condition. Specifically, sCort 

levels increased from baseline (M = 7.64, SD = 1.69) to 

competition (M = 12.97, SD = 2.84), reflecting a substantial 

elevation under competitive conditions (t(29) = 9.45, p < 0.01, 

Cohen’s d = 1.72). A similar pattern was observed for sAA, 

which rose from baseline (M = 42.27, SD = 8.04) to 

competition (M = 73.80, SD = 16.34), indicating a marked 

rise in response to competition (t(29) = 9.91, p < 0.01, Cohen’s 

d = 1.81). Overall, both biomarkers showed significant 

increases from baseline to competition, with large effect 

sizes. 

https://jpsad.com
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Pearson correlation analyses revealed several significant 

associations among psychological, physiological, and 

performance variables. Cognitive anxiety was strongly and 

positively associated with somatic anxiety (r = 0.65, p < 

0.01), while both were strongly negatively associated with 

self-confidence (cognitive: r = −0.71; somatic: r = −0.59, ps 

< 0.01). Pre-competition sCort and sAA were positively 

associated with both cognitive and somatic anxiety (rs ≈ 

0.53–0.64, ps < 0.01) and negatively associated with self-

confidence (rs ≈ −0.70 to −0.72, ps < 0.01), indicating 

moderate-to-large associations. Performance indicators 

showed a consistent pattern. Free-throw and field-goal 

percentages were negatively associated with both anxiety 

dimensions (rs ≈ −0.41 to −0.60, ps < 0.05) and positively 

associated with self-confidence (rs ≈ 0.60–0.63, ps < 0.01). 

In contrast, turnovers were positively associated with 

anxiety (rs ≈ 0.63–0.64, ps < 0.01) and negatively associated 

with self-confidence (r = −0.60, p < 0.01), whereas the 

assist-to-turnover ratio showed the opposite pattern (anxiety: 

rs ≈ −0.51 to −0.61; self-confidence: r = 0.66, p < 0.01). 

Competition outcome was not significantly associated with 

any psychological, physiological, or performance variables 

(all ps > 0.05). Results from the enter and backward stepwise 

regression models (multiple linear and binary logistic) are 

presented in Table 2A, B.

Table 2. Results of multiple linear and binary logistic regression analyses examining predictors of basketball performance and competition 

outcome. 

A 

Multiple regression (Enter 

Method) 

Basketball Performance Indicators 

Free-throw % Field goal % Turnovers Assist/Turnover Ratio 

Variable B β t p B β t p B β t p B β t p 

Somatic Anxiety  -0.38 -0.16 -0.81 0.42 -0.59 -0.31 -1.35 0.18 0.15 0.30 1.43 0.16 0.01 0.09 0.49 0.62 

Cognitive Anxiety  -0.41 -0.15 -0.80 0.42 0.28 0.12 0.59 0.56 0.11 0.19 1.01 0.31 -0.04 -0.20 -1.12 0.27 

Self-Confidence  -0.05 -0.02 -0.11 0.91 0.64 0.35 1.36 0.18 0.01 0.02 0.11 0.91 0.03 0.17 0.82 0.41 

sCort before Competition 

(nmol/L) 
-0.44 -0.20 -0.89 0.37 0.23 0.12 0.50 0.61 0.10 0.20 0.92 0.36 -0.03 -0.19 -0.93 0.35 

sAA before Competition 

(U/mL) 
-0.14 -0.37 -1.57 0.12 -0.09 -0.30 -1.11 0.27 0.01 0.20 0.85 0.40 -0.01 -0.40 -1.82 0.08 

 

Backward Stepwise 

 

 

Step: 5 

sAA before Competition 

 

Step: 5 

Self-Confidence 

Step: 4 

Cognitive Anxiety 

sCort before Competition 

Step: 5 

sAA before Competition 

-0.27 -0.71 -5.40 0.01 1.13 0.62 4.26 0.01 
0.22 0.43 2.81 0.01 

-0.02 -0.75 -6.11 0.01 
0.19 0.38 2.49 0.01 

B 

Logistic regression 

Competition Outcome (Win/Loss) 

Enter Method 
Backward Stepwise 

Step: 6 

Variable B Wald Statistic p 
Odds Ratio  

(OR) 

[95 % CI] 

 
B Wald Statistic p 

Odds Ratio 

(OR) 

[95 % CI] 

 

Somatic Anxiety -0.39 1.36 0.24 0.67 [0.34, 1.30]      

Cognitive Anxiety -0.06 0.03 0.86 0.93 [0.45, 1.95]      

Self-Confidence -1.02 3.28 0.07 0.35 [0.11, 1.08]      

sCort before Competition 

(nmol/L) 
-0.44 1.92 0.16 0.63 [0.33, 1.20]      

sAA before Competition 

(U/mL) 
-0.11 1.77 0.18 0.89 [0.75, 1.05] -0.14 4.34 0.03 0.86 [0.75, 0.99] 

Free-throw % 0.07 0.24 0.62 1.07 [0.80, 1.45]      

Field goal % 0.43 4.46 0.03 1.54 [1.03, 2.32] 0.34 5.29 0.02 1.41 [1.05, 1.90] 

Turnovers 0.63 0.79 0.37 1.88 [0.46, 2.29]      

Assist/Turnover Ratio -3.24 2.04 0.15 0.03 [0.02, 1.33]      

Note: B: unstandardized beta; β: standardized regression weight; *p < 0.05, **p < 0.01, n= 30. 

 

Exploratory multiple linear regression analyses were 

conducted to examine multivariable associations between 

psychological and physiological variables and basketball 

performance indicators. The model for free-throw 

percentage was statistically significant, F(5, 24) = 6.56, p = 

0.01, accounting for 57.7% of the variance (R² = 0.58, 

adjusted R² = 0.49). However, none of the individual 

variables reached statistical significance (all p > 0.05). In the 

exploratory backward regression model, sAA was the only 

variable reaching statistical significance (F(1, 28) = 29.23, p < 

0.01, R² = 0.51). A similar pattern was observed for field-
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goal percentage. Although the overall model was significant, 

F(5, 24) = 4.24, p = 0.01, R² = 0.47, no individual variables 

reached statistical significance (all p > 0.05). The final 

exploratory backward model retained self-confidence as the 

only variable reaching statistical significance (F(1, 28) = 

18.19, p < 0.01, R² = 0.39). Turnovers were also significantly 

explained by the model, F(5, 24) = 6.29, p = 0.01, R² = 0.57, 

although no variables demonstrated unique effects. The 

exploratory backward model indicated that cognitive anxiety 

and sCort were jointly associated with turnovers (F(2, 27) = 

14.87, p < 0.01, R² = 0.44). The model for assist-to-turnover 

ratio was likewise significant, F(5, 24) = 8.35, p < 0.01, R² = 

0.64, with no individual variables reaching statistical 

significance. In contrast, the exploratory backward model 

identified sAA as the only variable reaching statistical 

significance (F(1, 28) = 37.42, p < 0.01, R² = 0.57). 

An exploratory binary logistic regression analysis was 

conducted to examine associations between study variables 

and competition outcome (win/loss). In the enter model, 

field-goal percentage was the only variable reaching 

statistical significance (B = 0.43, Wald = 4.46, p = 0.03, OR 

= 1.55). The backward stepwise logistic regression yielded a 

more parsimonious model including sAA and field-goal 

percentage. sAA showed a negative association with 

competition outcome in the exploratory backward model (B 

= -0.14, Wald = 4.34, p = 0.03, OR = 0.86), whereas field-

goal percentage remained positively associated with 

competition outcome (B = 0.34, Wald = 5.29, p = 0.02, OR 

= 1.42). 

4. Discussion and Conclusion 

The present study provides an integrated 

psychophysiological examination of competitive anxiety, 

self-confidence, salivary stress biomarkers, and performance 

in elite female basketball players, addressing the limited 

availability of integrated psychophysiological investigations 

in elite female athletes, as previous research has largely 

focused on male samples or assessed psychological and 

physiological responses separately. By simultaneously 

assessing psychological states alongside indices of both 

HPA-axis (sCort) and SAM-system (sAA) activation, this 

study addresses a notable gap in basketball research, 

particularly in elite female basketball players, where 

psychophysiological responses remain underexplored and 

have been predominantly investigated in male samples (10). 

Competition was associated with marked elevations in both 

sAA and sCort, indicating that basketball represents a potent 

psychosocial stressor, although these responses should be 

interpreted with consideration of sampling timing, as well as 

circadian and contextual factors that may influence 

biomarker levels. These responses are consistent with 

evidence indicating that competitive settings trigger 

coordinated activation of endocrine and autonomic systems 

(23, 26). The magnitude of these increases aligns with 

previous basketball-specific findings demonstrating 

substantial stress-related biomarker changes across 

competitive contexts (10, 27). 

A coherent psychophysiological pattern emerged across 

variables. While these findings suggest associations between 

anxiety and self-confidence, it is essential to emphasize that 

they do not establish causal relationships. Cognitive and 

somatic anxiety were strongly interrelated and both 

inversely associated with self-confidence, suggesting 

potential overlap in psychological variance among these 

constructs, consistent with recent basketball evidence 

linking heightened anxiety to reduced confidence and poorer 

perceived performance (4, 28). Importantly, both anxiety 

dimensions showed moderate-to-large positive associations 

with sCort and sAA, whereas self-confidence was strongly 

negatively associated with these biomarkers. These findings 

support a convergence between subjective stress and 

physiological activation, reflecting integrated 

neurobiological processes in which threat appraisal is 

associated with activation of limbic–hypothalamic pathways 

and coordinated HPA and SAM responses (29). 

Performance outcomes followed a consistent and 

theoretically grounded pattern. Higher anxiety and elevated 

pre-competition stress biomarkers were associated with 

reduced shooting efficiency (free-throw and field-goal 

percentages), increased turnovers, and lower assist-to-

turnover ratios. These performance indicators represent 

distinct domains, with shooting accuracy reflecting technical 

precision, whereas turnovers and assist-to-turnover ratio 

reflect decision-making and execution efficiency under 

competitive pressure. These findings are consistent with 

literature suggesting that pressure and competitive anxiety 

may disrupt attentional control and motor execution in 

basketball tasks, particularly in precision-based actions such 

as free-throw shooting. They are also consistent with the 

catastrophe model and attentional disruption frameworks, 

which propose that elevated anxiety may compromise both 

motor precision and cognitive control, thereby increasing the 

likelihood of performance errors under stress (30, 31). It 

should be noted that attentional and motor control processes 

were not directly measured in the present study; therefore, 

https://jpsad.com
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these interpretations remain inferential. From a 

performance-analytics perspective, these associations are 

also consistent with evidence identifying shooting efficiency 

and ball security as primary determinants of success in 

basketball (32, 33). Importantly, the observed associations 

were strongest for performance efficiency indicators (i.e., 

shooting accuracy, turnovers, and assist-to-turnover ratio) 

rather than overall team success or competition outcomes, 

suggesting a greater influence on individual execution and 

decision-making under pressure rather than broader team-

level performance outcomes. The observed pattern can be 

interpreted within a neurocognitive–physiological 

framework; however, such mechanisms were not directly 

measured in the present study and therefore remain 

theoretical. Competitive anxiety likely reflects heightened 

threat appraisal, may be associated with increased limbic 

reactivity and shifts processing away from goal-directed 

control (34). This is accompanied by activation of both the 

HPA axis and SAM system, resulting in elevated cortisol and 

arousal. Acute stress responses have been shown to impair 

working memory and executive functioning while 

increasing motor variability and attentional instability (35, 

36). In basketball contexts, such disruptions may manifest as 

decreased shooting precision and increased decision errors, 

particularly under time pressure and dynamic play 

conditions. Future work should aim to test these mechanisms 

directly, using process-level measures such as 

neurocognitive and neural assessments, rather than relying 

on inferred interpretations. 

Within this framework, self-confidence demonstrated 

strong negative associations with both anxiety and 

physiological stress markers, alongside positive associations 

with performance indicators. These findings suggest that 

self-confidence may function as a key regulatory resource, 

modulating cognitive appraisal processes and attenuating 

maladaptive stress responses (37). Athletes with higher self-

confidence may be more likely to interpret competitive 

demands as challenges rather than threats, representing a 

potential explanatory pathway for reduced physiological 

reactivity and enhanced performance efficiency (28, 38). 

From a neurocognitive perspective, this pattern may reflect 

more effective prefrontal regulation of limbic activity, 

facilitating adaptive control over stress responses (29). This 

interpretation is consistent with emerging evidence in 

basketball contexts indicating that self-confidence is 

positively associated with performance outcomes and may 

buffer the detrimental effects of competitive anxiety (28). 

The regression analyses provided additional insight into 

the structure of these relationships. Multicollinearity among 

predictors likely contributed to significant overall models 

while limiting the identification of unique individual effects, 

suggesting substantial shared variance among psychological 

and physiological variables (39). This pattern indicates that 

these constructs may operate as an integrated system rather 

than independent predictors. In contrast, stepwise models 

identified more parsimonious predictors, with sAA 

consistently associated with performance indicators and 

sCort contributing to turnovers. While this pattern is 

theoretically interpretable, it should be interpreted 

cautiously due to the instability and overfitting risks 

associated with stepwise procedures in small samples (40). 

Accordingly, these findings should be considered 

exploratory and hypothesis-generating rather than 

confirmatory, and require validation in larger samples to 

establish their robustness and generalizability (41). 

Competition outcome was not significantly associated 

with individual variables at the correlational level, which is 

consistent with the multifactorial nature of basketball 

performance. It should be noted that win/loss represents a 

team-level outcome that is only partially determined by 

individual pre-competition psychological and physiological 

states. However, logistic regression analyses indicated that 

field-goal percentage was positively associated with win 

probability, whereas pre-competition sAA showed a 

negative association. The direction of these findings aligns 

with performance analytics literature identifying shooting 

efficiency as a key determinant of success (32, 33). 

Nevertheless, these findings should be interpreted with 

caution due to the limited number of outcome events relative 

to predictors, which may compromise model stability and 

increase the risk of overfitting (39, 41). 

4.1 Practical Implications 

The findings highlight the importance of integrating 

psychological and physiological monitoring in elite 

basketball settings. The combined assessment of competitive 

anxiety and salivary biomarkers may provide a practical 

framework for identifying athletes at risk of performance 

disruption under pressure (10, 26). This framework can be 

particularly useful for coaches, sports psychologists, 

medical staff, and performance analysts, offering insights 

into an athlete's stress reactivity and overall psychological 

state. 
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Interventions should target both cognitive appraisal and 

physiological regulation. Evidence-based approaches such 

as psychological skills training—including imagery, self-

talk, and breathing techniques—may help reduce 

maladaptive stress responses and improve performance 

consistency (42). Additionally, incorporating pressure-based 

training scenarios, particularly for shooting tasks, may 

enhance athletes’ ability to maintain attentional control and 

motor stability under competitive stress (30). Strengthening 

self-confidence may further support performance by 

buffering stress-related disruptions (28). 

However, practical constraints such as feasibility, cost, 

and timing of saliva-based monitoring must be considered in 

real elite settings. Importantly, the biomarker measurements 

in the present study primarily reflect anticipatory pre-

competition stress rather than in-competition responses, 

which should be taken into account when interpreting their 

practical applicability. While biomarker monitoring is 

valuable, it should complement, rather than replace, 

traditional performance metrics and psychological 

assessments. These biomarkers provide insight into an 

athlete’s physiological state and stress reactivity but are not 

intended as standalone tools for decision-making. Future 

research should explore the feasibility of integrating these 

measures into regular practice routines while accounting for 

constraints related to cost, time, and equipment availability.  

4.2 Limitations and Future Directions 

Several limitations should be considered. The relatively 

small sample size, combined with the high intercorrelation 

among predictors, may have reduced statistical power and 

compromised the stability of regression estimates, 

particularly in stepwise models (39). Moreover, the small 

sample size limits the generalizability of the findings to 

broader populations. This pattern suggests potential 

multicollinearity, which can obscure the unique contribution 

of individual predictors and inflate standard errors. In 

addition, sensitivity analysis indicated that the present 

sample size was adequately powered to detect only large 

effects, and therefore smaller effects may not have been 

reliably identified. The logistic regression analysis was 

further constrained by a limited number of outcome events, 

increasing the risk of overfitting and unstable parameter 

estimates (41). This issue is especially problematic for 

binary outcome models, where a high number of predictors 

relative to outcome events can lead to biased or unreliable 

results. Future research should employ larger sample sizes, 

adopt multilevel or repeated-measures designs to better 

capture within- and between-athlete variability, and consider 

the use of parsimonious or penalized regression approaches 

with appropriate validation procedures.  

Salivary biomarkers are sensitive to contextual and pre-

analytical factors, including circadian rhythms and 

behavioral influences, such as caffeine intake, hydration 

status, oral health, and recent physical exertion, which were 

not fully controlled in the present study, and should be more 

rigorously standardized in future research (11, 23). In female 

samples, hormonal factors such as menstrual cycle phase 

should be considered, as they may influence physiological 

stress responses. The use of a single pre-competition 

sampling point limits insight into temporal stress dynamics 

and restricts the ability to interpret whether the observed 

values reflect anticipatory stress, competition readiness, or 

both (10). Future studies should incorporate multi-timepoint 

sampling designs and explore the effects of hormonal 

fluctuations to differentiate anticipatory from reactive stress 

responses more clearly. The observational design of the 

current study limits the ability to determine whether poorer 

expected performance increased anxiety or whether 

heightened anxiety led to reduced performance. Thus, causal 

inferences cannot be drawn from this design. Future research 

should combine experimental manipulations of competitive 

pressure with process-level measures (e.g., attentional 

control, gaze behavior, working memory) to directly test the 

underlying mechanisms (30, 36). 

5. Conclusion 

In this sample of elite female basketball players, higher 

competitive anxiety and lower self-confidence were 

associated with less favorable psychophysiological and 

performance profiles, while higher pre-competition stress 

biomarker levels were also associated with poorer 

performance indicators. These findings support the value of 

further investigating psychophysiological responses in elite 

female athletes, but should be interpreted as exploratory 

given the small sample and observational design. 
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