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Abstract

:

Psychological anxiety and physiological stress hormone management is closely related to an athlete’s performance, especially in shooting competitions. Thus, we aimed to investigate the changes in saliva stress hormones according to anxiety scores of Korean elite shooters immediately before a shooting competition. Seventy-two Korean national shooting athletes (Rifle = 62, Pistol = 8, Shotgun = 2) were recruited for the present study. The physiological stress hormones were assessed based on cortisol and immunoglobulin A level in saliva. The psychological stress was assessed based on Beck Anxiety Inventory (BAI) questionnaire. Cortisol concentration and cortisol secretion rate were significant higher in severe anxiety group. Secretory immunoglobulin A (SIgA) concentration and SIgA secretion rate did not significant different in among the groups. A positive correlation was found between BAI score and cortisol concentration. These findings provide preliminary evidence indicating that psychological anxiety affects physiological stress and therefore may have a negative effect on athletes’ performance. Thus, research is needed to develop a strategy to reduce physiological stress in these athletes.
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1. Introduction


Shooting sports athletes are assumed to be sensitive to psychological tension and anxiety pressure [1]. This sport’s athletes need attentional control to focus on skill execution and prevent distracting thoughts from impairing performance [2]. The attention control theory focuses on explaining the psychological changes of athletes related to anxiety and cognitive performance. The theory is that the effects of anxiety on attention control are key to understanding the relationship between anxiety and performance. Generally, the anxiety experienced by shooters in the competition has a negative effect on the attention control to the competition, while compromising psychological stability. Attention control function might be impaired with higher anxiety, this process can negatively affect attention and concentration. Therefore, psychological and physiological control is important for improving shooting performance.



The Beck Anxiety Inventory (BAI) is widely used as a prominent screening and outcome research tool for measuring psychological anxiety [3]. Two factors have been identified for the BAI: somatic and subjective anxiety/panic based on the work of Beck et al. [4]. The 21-item self-report inventory was designed to assess the severity of anxiety symptoms in adults and adolescents [5]. A previous study reported that 150 runners’ BAI anxiety scores were positively correlated with distress [6], and a significant negative relationship was also demonstrated between the athletes’ competitive anxiety levels and their athletic experiences [7].



In addition, higher BAI scores are associated with impaired physical performance [8]. This is why mental and emotional states (i.e., anxiety states) directly affect the autonomic nervous system [9]. Stress is defined as a state of threatened homeostasis following exposure to extrinsic or intrinsic adverse forces [10]. Continuing and excessive stress causes instability in the body’s homeostasis, cardiovascular system, musculoskeletal response, emotional stability, and immune function [11]. In physiological terms two components physiological markers of stress—salivary cortisol and secretory immunoglobulin A (SIgA)—have been proposed [12,13,14].



Previous studies reported that salivary cortisol and SIgA concentrations were significantly elevated immediately after a competitive 5000-m race [15]. The SIgA concentrations in volleyball players were significantly lower than those in sedentary controls, and the salivary cortisol concentrations in volleyball players were markedly higher than those in sedentary controls [16]. Cortisol concentrations in college male athletes were significantly higher with increasing training intensity, however as the increasing training intensity, the SIgA was significantly decreased [17].



Therefore, psychological and physiological management is closely related to an athlete’s performance, especially in shooting competitions. However, research on the psychological anxiety and physiological stress of athletes in shooting sports is lacking. Thus, we aimed to investigate the changes in psychological anxiety and physiological stress hormones in Korean elite shooters immediately before a shooting competition.




2. Material and Methods


2.1. Participants


Seventy-two Korean national shooting athletes (Rifle = 62, Pistol = 8, Shotgun = 2) were recruited for the present study. The following criteria excluded athletes from participating in the saliva-based stress tests: (1) heart, lung, or metabolic disorders, (2) diagnosed with major depression and bipolar disorder, and schizophrenia (Diagnostic and Statistical Manual of Mental Disorders: DSM-IV) within the past year, (3) diagnosed with mental symptoms such as anxiety and agitation within the past three months, and (4) diagnosed with a musculoskeletal disorder that precluded safe participation in shooting competitions.



All participants were screened for anxiety scale using the Beck Anxiety Inventory (BAI) [4]. According to a baseline BAI cutoff score, participants were divided into four groups, including the no anxiety group (scores: 0–9 points), mild anxiety group (scores: 10–19 points), moderate anxiety group (scores: 20–29 points) and severe anxiety group (scores < 29 points): mild anxiety group (n = 12, Rifle = 10, Pistol = 2, Shotgun = 0), moderate anxiety group (n = 21, Rifle = 20, Pistol = 1, Shotgun = 0), and severe anxiety group (n = 39, Rifle = 32, Pistol = 5, Shotgun = 2).



All subjects who agreed to participate in the study had the study explained to them to ensure a complete understanding of its purpose and the methods used with the ethical standard of the Declaration of Helsinki. The subjects also signed an informed consent form before participation. This study was approved by This study was approved by the Institutional Review Board at the Korea Institute of Sport Science, Seoul, South Korea (KISS-1906-016-01).



The characteristics of the participants are shown in Table 1.




2.2. Beck Anxiety Inventory (BAI) Questionnaire


Subjects completed the BAI, which is a 21-item self-report inventory for assessing the severity of clinical anxiety [4]. Subjects rated each item on a 4-point scale ranging from 0 (“Not at all”) to 3 (“I could barely stand it”) with regard to their anxiety-related symptoms during the past week. The BAI is scored by adding the severity ratings across all 21 items; total scores can range from 0 to 63. Scores were classified as follows: 0–9, no anxiety; 10–19, mild anxiety; 20–29, moderate anxiety; and over 30, severe anxiety. Internal consistency and test-retest reliability of the Korean BAI have been reported as 0.91–0.93 and r = 0.84, respectively [18,19].




2.3. Saliva Collection


Saliva samples were collected using the same method used in an earlier study [20]. Participants sat and rinsed their mouths three times with distilled water for 30 s and then rested for 5 min. Saliva production was stimulated by chewing a sterile cotton (Salivette: Sersted, Nümbrecht, Germany) at a frequency of 60 cycles per min. The obtained saliva samples were separated from the cotton by centrifugation at 3500 rpm for 10 min. We measured the saliva volume secreted by chewing for 1 min and expressed it as the saliva flow rate (mL/min). After the measurement of the sample volume, saliva samples were frozen at −50 °C and stored until the end of the study period.




2.4. Stress Hormones Determination


Salivary stress hormones cortisol and SIgA were obtained immediately before the competition. Saliva volume was estimated assuming saliva density to be 1.00 g·mL−1 [21], and saliva flow rate was calculated using saliva volume and collection time. The salivary stress hormone concentration was determined in duplicate by a sandwich enzyme-linked immunosorbent assay (ELISA), with a within assay coefficient of variation of 2.8 ± 3.5%.



For the analysis of stress hormone levels, data were expressed in two forms: (a) absolute concentrations of cortisol and SIgA (µg/mL), and (b) stress hormone secretion rate (mL/min), or the total amount of stress hormones appearing on the mucosal surface per unit of time. The stress hormone secretion rate was calculated by multiplying the absolute stress hormone concentration (µg/mL) by the saliva flow rate (mL/min), which was calculated by dividing the total volume of saliva obtained in each sample (mL) by the time taken to produce the saliva sample (min) [22].




2.5. Statistical Analysis


SPSS statistical package version 25.0 for Windows (SPSS, Inc., Chicago, IL, USA) was used to perform all statistical analyses. Means and standard deviations were computed for all variables, and normality was checked using the Shapiro–Wilk test. Non-normal data were converted using square root (saliva flow rate) or logarithmic (concentration and secretion rate of stress hormones) transformations that achieved normality for all variables. The participants’ stress hormones (cortisol and SIgA) were further analyzed for significant differences among the groups using a one-way ANOVA. Pearson correlation coefficients analysis and a stepwise multiple regression analysis were conducted to examine the effect of the level of stress hormones on anxiety. Post hoc analysis (Tukey test) was used to compare specific differences when significance was found. Statistical significance was accepted at the 0.05 level.





3. Results


3.1. Cortisol According to BAI


The cortisol concentrations and secretion rates according to BAI anxiety are presented in Figure 1 and Figure 2. The saliva flow rate was 3.02 ± 0.29 mL/min. One-way ANOVA revealed a significantly higher cortisol concentration in the severe anxiety group (p = 0.011). The cortisol secretion rate was also significantly higher in the severe anxiety group than in the moderate anxiety group (p = 0.014).




3.2. SIgA According to BAI


The SIgA concentrations and secretion rates according to BAI anxiety are presented in Figure 3 and Figure 4. The saliva flow rate was 3.02 ± 0.29 mL/min. One-way ANOVA revealed no significant SIgA concentration among the groups (p = 0.050). The SIgA secretion rate was also not significant among the groups (p = 0.685).




3.3. Correlations between the BAI Score and the Stress Hormones


Table 2 shows the correlation coefficients of the BAI score and stress hormones. A positive correlation was found between the BAI score and cortisol concentration (p < 0.05). Positive correlations were found between concentrations and secretion rates in both stress hormones (p < 0.01; p < 0.01, respectively).




3.4. Multiple Regression Analysis between BAI Anxiety and Cortisol Concentration


Subsequently, a multiple regression analysis was conducted based on the above correlations. These results are presented in Table 3. As indicated in Table 3, there was a significant relationship between shooting athletes’ BAI anxiety and cortisol concentration levels (p < 0.05).





4. Discussion


The main finding of this study was that cortisol concentration levels and cortisol secretion rates were significantly higher in the severe anxiety group than in the moderate anxiety group. In addition, a positive correlation was found between BAI scores and cortisol concentrations. Thus, the findings suggest that shooting athletes’ anxiety increased levels of the stress hormone cortisol.



Statistically significant associations were also found between sport-specific psychological abilities and different measures of mood in athletes [23]. Among the most relevant psychological signs associated with sports performance was competitive state anxiety, which improved the process of adaptation to competition [24]. Causes of higher anxiety in athletes can be detrimental in performance situations [25]. Ngo et al. reported that athletes with lower levels of anxiety obtained better results in competitions, while individuals with higher levels of anxiety obtained worse results [26]. Romyn et al. showed that athletes’ anxiety increased before a 7-day training week and a 7-day competitive tournament [27]. The present study demonstrated the BAI anxiety states of athletes: mild anxiety was observed in 12 athletes, moderate anxiety in 21 athletes, and severe anxiety in 39 athletes immediately before the competition. In total, 54.17% of the athletes experienced severe anxiety immediately before a competition. Shooting competitions are individual sports that require high levels of concentration. Individual sports athletes are thus more likely to report anxiety and depression than team sports athletes [28]. Moreover, in this study, the severe anxiety group had higher cortisol levels and secretion rates than the other groups. Levels of state anxiety and trait anxiety are positively and directly related in both individual and team sports, although they are more elevated in individual sports.



Cortisol and SIgA are steroid hormones that change in response to psychological and physical stress [29]. An increase in cortisol is associated with relatively intense psychological stress [30]. Higher SIgA is associated with mental state [31]. There is a positive correlation between psychological stress and cortisol levels and a negative association between psychological stress and SIgA levels [32]. Oshima et al. reported that acute physiological training stress resulted in an increase in resting plasma cortisol concentration [17]. He et al. reported that significant decreases in secretion rates of SIgA were observed at times of intense training and competition [33]. Intensive training in combination with rapid weight changes resulted in increased SIgA and cortisol stress responses in elite female taekwondo athletes [34]. In this study, we observed significantly higher cortisol concentration levels and secretion rates in the severe anxiety group than in the moderate and mild anxiety groups. However, there was no significant difference in SIgA concentration and secretion rate levels among the groups. In humans, perceived stress activates the central nervous system (CNS), releasing corticotropin-releasing hormone (CRH) from the hypothalamus, adrenal corticotropic hormone (ACTH) in the anterior pituitary gland, and cortisol in the adrenal cortex [35]. The entire hypothalamus–pituitary–adrenal system is designed to allow organisms to adapt to physical, mental, and social changes in their environment [35]. These results suggest that immediately before competitions stress may be involved in the release of the physiological stress hormone cortisol. In addition, the positive correlations between BAI anxiety and cortisol concentration levels and multiple regression analysis revealed a significant relationship between shooting athletes’ BAI anxiety and cortisol concentration. Nevertheless, cortisol was not significant between the mild anxiety and moderate anxiety groups. Takahashi et al. reported that individuals with high degrees of perceived autonomic reactivity have higher levels of basal cortisol and perceived stress response [36]. Maybe the difference in the degree of response to stress by individuals. Although the groups were divided by anxiety, the degree of cortisol response to stress may be different.



Previous studies on SIgA were inconclusive. No changes were observed for SIgA measurements before Jiu-Jitsu matches [37]. A significant increase was observed during competition in SIgA and cortisol, and the results demonstrated that performance in major competition induces a stress response in athletes [38]. In this study, there was no significant difference in SIgA concentration and secretion rate levels among the groups; however, SIgA in the moderate anxiety group was higher than in the severe anxiety group. Birkett et al. reported that SIgA activity in response to psychosocial stressors, however SIgA’s response was different for male and female participants [39]. Unfortunately, in this study, groups were divided by anxiety and did not distinguish between male and female. It is thought that the reason why the SIgA did not respond in this study was because it did not distinguish between male and female. However, based on the elevated stress response observed, modifications to individual post-race recovery protocols may be required to enable athletes to maximize performance across all days of competition [38].



The present study has some limitations and points to suggestions for further research. We did not control for factors such as social stress and addictive activity (food, and medicine that affects stress hormones). In particular, the intake of prescription drugs plays an important role in hormonal changes in the body. We assumed that because the subjects lived fairly stable lives for several years, there would be no significant differences in social stress and addictive activities. In future studies, exercise (meditation or yoga) interventions to reduce anxiety are needed. In addition, it is necessary to find out how to exercise dynamically rather than statically to reduce anxiety. Another limitation is that the small number of subjects included could limit the statistical significance of the results, and further studies with larger populations are required to validate our findings. The last one concerns the change in SIgA. There is a pervious study in SIgA that shows different responses by gender [39], so further study of gender classification is needed.




5. Conclusions


In conclusion, this study examined changes in psychological anxiety and physiological stress hormones in Korean elite shooters immediately before a shooting competition. In addition, cortisol concentration levels and cortisol secretion rates were significantly higher in the severe anxiety group than in the moderate anxiety group. Moreover, positive correlations between BAI anxiety and cortisol concentration levels, and multiple regression analysis revealed a significant relationship between shooting athletes’ BAI anxiety and cortisol concentration levels.



Therefore, these findings provide preliminary evidence indicating that psychological anxiety affects physiological stress and therefore may have a negative impact on athletes’ performance. Thus, research is needed to develop a strategy to reduce physiological stress in these athletes.
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Figure 1. The comparison of cortisol concentration according to Beck Anxiety Inventory (BAI) anxiety. α = 0.05, * p = 0.011. df = 2, p = 0.011, et2 = 0.123, observed power = 0.784. 
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Figure 2. The comparison of cortisol secretion rate according to BAI anxiety. α = 0.05, * p = 0.014. df = 2, p = 0.014, et2 = 0.125, observed power = 0.753. 
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Figure 3. The comparison of SIgA concentration according to BAI anxiety. α = 0.05, p = 0.050 df = 2, p = 0.050 et2 = 0.083, observed power = 0.583. 
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Figure 4. The comparison of SIgA secretion rate according to BAI anxiety. α = 0.05, p = 0.685 df = 2, p = 0.685 et2 = 0.011, observed power = 0.109. 
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Table 1. The characteristic of the participants.
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	Variable
	Mild Anxiety

(n = 12)
	Moderate Anxiety

(n = 21)
	Severe Anxiety

(n = 39)
	Total

(n = 72)





	Male (n)
	6
	9
	9
	24



	Female (n)
	6
	12
	30
	48



	Age (years)
	22.83 ± 4.49
	22.90 ± 5.15
	23.72 ± 4.22
	23.33 ± 4.50



	Careers (years)
	10.67 ± 4.25
	10.52 ± 5.04
	11.67 ± 4.35
	11.17 ± 4.51
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Table 2. Correlations coefficients between the BAI score and the stress hormones.
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	Variable
	BAI Score
	CC
	SC
	CSR
	SSR





	BAI score
	-
	
	
	
	



	CC
	0.248 *
	-
	
	
	



	SC
	0.109
	0.044
	-
	
	



	CSR
	0.220
	0.988 **
	0.013
	-
	



	SSR
	0.081
	0.063
	0.987 **
	0.040
	-







BAI, beck anxiety inventory; CC, cortisol concentration; SC, SIgA concentration; CSR, cortisol secretion rate; SSR, SIgA secretion rate. *: p < 0.05, **: p < 0.01.
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Table 3. Multiple regression analysis between BAI anxiety and cortisol concentration.
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	Dependent Variable
	Independent Variable
	R2
	R2C
	β
	F-Value





	BAI anxiety
	Cortisol
	0.061
	0.061
	−0.248
	4.583 *







* p < 0.05.
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