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Abstract: Stress is defined as a reaction of the body to any given stressor, external or internal.
These stressors are common among participants in sports. Therefore, this study aimed to determine
the dynamics of two stress biomarkers during an official cliff diving competition. The sample of
participants included six professional cliff divers (three females and three males). Their salivary
cortisol (C) and alpha-amylase (AA) samples were collected during a 3-day competition (four samples
on day 1 and six samples on days 2 and 3). The analysis of the results showed a non-significant
increase in AA from day one to day three. On the other hand, C has an increase in the first two
days (0.58 ± 0.16 µg/mL–0.61 ± 0.23 µg/mL) and then a decrease in the last competition day
(0.53 ± 0.23 µg/mL). Analysis of samples collected during each day demonstrates a fluctuation of
the biomarkers. For AA, the sample after the training dive on the 2nd day has the highest value
(326.34 ± 280.73 U/mL), whereas on day 3, the samples after training and before the competition
dive are the highest (364.50 ± 287.13 U/mL; 466.49 ± 218.39 U/mL). Regarding C levels, the sample
after the competition dive tends to show the highest values (0.66 ± 0.17 µg/mL; 0.89 ± 0.29 µg/mL;
0.76 ± 0.32 µg/mL, respectively). Furthermore, the correlation between the results of competition
and biomarkers is not significant. These results demonstrate how cliff diving competition tends
to have a high impact on the sympathetic nervous system, as observed mainly in AA dynamics.
One might contend that even though there is no significant physical strain, cliff divers demonstrate
heightened stress biomarker levels that could affect their performance and focus while diving.
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1. Introduction

Sports with a high risk for the participants are defined as extreme sports [1,2]. These
include base jumping, downhill mountain biking, skydiving, and cliff diving [3]. It is
possible to view athletes who compete in extreme sports as sensation seekers [4]. On
the other hand, those who are not drawn to sensations constantly weigh the benefits
and drawbacks of the things they do. Additionally, the person withdraws as soon as the
marginal costs are higher than the marginal rewards. As a result, there are differences
between these groups of athletes in the way that the costs and rewards of a certain activity
are evaluated. Specifically, sensation seekers tend to assess dangers as lower even for
activities they have not engaged in to any degree, and they also tend to feel less anxious
overall [4]. Therefore, athletes participating in extreme sports offer a unique chance to
comprehend the impact of various attributes and scenario combinations that may affect their
ability to make decisions and respond to stressful situations. Previous research examined
the stress associated with several extreme sports, such as base jumping, freediving, and
rock climbing [5]. However, no studies examined stress linked to cliff diving.

In the extreme sport of cliff diving, competitors must demonstrate their agility and
expertise by jumping off a tall structure [6]. A closer look at cliff diving reveals that when
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exiting a platform, athletes execute dives in five primary dive groups: front, back, inward,
reverse, and handstand [4]. Additionally, during each dive, there are four distinct diving
definitions (twist, flying, barani, and blind entry) and three distinct dive postures (pike, tuck,
and straight) that can be combined [4]. Precisely, the Red Bull Cliff Diving World Series was
introduced in 2009, and high diving expanded into the field of competition [7]. Competition
take-off heights are 20 m for women and 27 m for men. During the dive, velocity decreases
from 85 km/h to 0 km/h in less than 1 s upon entry into the water [7]. Therefore, cliff
divers are exposed to a variety of dangers, as mentioned previously. Accordingly, the
injuries that most frequently cliff divers suffer happen upon water entry [6]. To prevent
serious back or upper extremity injuries, water entry is exclusively in the feet-first position.
However, over one season, the rate of acute injuries in highly trained divers was reported to
be 9.7 injuries/1000 h of sport exposure [7]. Comparatively, other sports show an incidence
of injury/1000 h of exposure as high as 18 in rugby, 32 in soccer, and 59 in American
football [8]. However, cliff diving is a non-contact sport, which can indicate that this rate of
injuries is still relatively high. Following all of that, it appears that cliff divers endure high
levels of stress, which is mostly psychological by nature.

Athletes’ stress levels can be classified based on the neurobiological systems they are
activating [3]. Specifically, two main systems come into play: (i) the autonomic nervous
system responds by activating the sympathetic–adrenal medullary (SAM) axis, which
releases norepinephrine from sympathetic nerve terminals; (ii) the endocrine response
involves activating the hypothalamic–pituitary–adrenal gland (HPA) axis and results in
elevated cortisol levels [9]. Salivary alpha-amylase gives an index of SAM axis arousal,
while salivary cortisol provides a non-intrusive measure of HPA axis activation [10]. These
two biomarkers (AA and C) have been previously examined in our lab related to hand-
ball [11–13]. Since C is involved in stress response and HPA axis activation, it is used as a
biomarker of physical and psychological stress functioning in athletes [14,15]. On the other
hand, AA is a reflection of sympathetic nervous system activity. Because of their strong
correlation with noradrenalin liberation, levels of AA are indicative of an individual’s level
of arousal [16]. Consequently, both biomarkers can be used to determine stress reactivity
during extreme sports.

However, extreme sport experts have limited access to scientific data regarding C
and AA reactivity during their sports training and competition. It has been shown that
parachute jumpers exhibit heterogeneity in C reactivity [17]. Also, some research proved
that skydiving causes an increase in salivary C levels in both novice and experienced
skydivers to rise in comparison to their pre-jump and recovery levels [18]. Although
there were no considerable variations in the salivary C levels of novices and experienced
skydivers, novices reported higher degrees of anxiety [18].

Previous studies defined stress as a reaction of the body to any external or internal
stressor [19,20]. These stressors are common among all participants in sports competi-
tions [21,22]. Therefore, the influence of stressors could be crucial for athletes’ performance.
The literature review showed a lack of studies that defined such consequences for athletes
performing in more extreme environments, such as high-risk sports. Also, as mentioned
above, water impact and the risk of serious injuries play a significant role in athletes’ stress
responses. Following that, the aim of this study was to determine the dynamics of stress
through selected biomarkers and examine their influence on performance during official
cliff diving competitions.

2. Results

The analysis of results in Figure 1 shows that there are no significant differences
among competition days in both AA and C. Furthermore, effect sizes show a trivial to
small range between the days for both AA (0.10–0.44) and C (0.15–0.35), respectively
(see Figure 1). On the other hand, C has an increase that occurs in the first two days
(0.58 ± 0.16 µg/mL—0.61 ± 0.23 µg/mL) and then a decrease on day three (0.53 ± 0.23 µg/mL).
The differences between the training (0.53 ± 0.18 µg/mL) and competition dives
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(0.60 ± 0.24 µg/mL) showed no significance for C. Similar results are obtained for AA,
with no significance between measurements. (see Figure 2).
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Table 1 shows that there is no significance between measurements during the whole
competition. However, the second and third days show moderate-to-large effect sizes between
samples. Precisely, the second sample from day 2 has the highest value (326.34 ± 280.73 U/mL).
Effect sizes show a moderate effect of the second with the first (0.68), third (0.67), fifth
(0.98), and sixth sample (0.71). Also, the first sample differs moderately from the fifth (1.01).
Whereas on day 3, the second and third samples are the highest (364.50 ± 287.13 U/mL;
466.49 ± 218.39 U/mL).

Table 2 presents C levels during all 3 days. It can be noticed that the fourth sample
tends to show the highest values (day 1, 0.66 ± 0.17 µg/mL; day 2, 0.89 ± 0.29 µg/mL; day
3, 0.76 ± 0.32 µg/mL). A further analysis showed moderate effect sizes on day 1 between
the fourth sample and the first (0.68), second (0.62), and third (0.91) samples. For day 2,
all samples showed moderate-to-large effect sizes (0.60–1.91), except between the first and
fifth (0.50), second and third (0.20), and fifth and sixth (0.59). Day 3 samples demonstrate
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a moderate effect size between the first and second samples (1.09) and a large effect size
between the first and fourth (1.32) samples. The second sample has a moderate effect size
with the third (0.86), fourth (0.60), and sixth (0.62) samples and a large effect size with the
fifth sample (1.22). The third sample differs only from the fourth sample with a large effect
size (1.17). The fourth sample differs moderately (ES, 0.94) from the sixth and largely from
the fifth (ES, 1.42) sample. Lastly, there is a moderate effect size between the fifth and sixth
samples (0.74) on day 3.

Table 1. Post-hoc analysis and effect sizes among samples during three days of the competition on
the total sample of measurements for AA, with p-levels shown in the table.

Day 1

Variable Mean SD Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6

Sample 1 179.96 103.79 1.00 0.96 1.00 - -
Sample 2 167.25 172.66 1.00 0.95 1.00 - -
Sample 3 222.96 196.02 0.96 0.95 0.98 - -
Sample 4 189.09 115.17 1.00 1.00 0.98 - -

Day 2

Sample 1 185.25 117.87 0.72 * 1.00 1.00 0.99 * 0.98
Sample 2 326.34 280.73 0.72 * 0.91 * 0.95 0.76 * 0.71 *
Sample 3 174.59 134.08 1.00 0.91 * 1.00 0.99 * 0.97
Sample 4 214.40 235.23 1.00 0.95 1.00 0.96 * 0.94
Sample 5 74.33 24.81 0.99 * 0.76 * 0.99 * 0.96 * 1.00 *
Sample 6 136.88 143.34 0.98 0.71 * 0.97 0.94 1.00 *

Day 3

Sample 1 171.58 128.59 0.71 * 1.00 0.94 * 1.00 0.43 **
Sample 2 364.50 287.13 0.71 * 0.92 0.99 0.80 * 0.99
Sample 3 234.11 198.57 1.00 0.92 1.00 1.00 0.67 *
Sample 4 287.05 235.58 0.94 * 0.99 1.00 0.98 0.84 *
Sample 5 192.98 169.51 1.00 0.80 * 1.00 0.98 0.51 **
Sample 6 466.49 218.39 0.43 ** 0.99 0.67 * 0.84 * 0.51 **

Legend: SD, standard deviation; *, moderate effect size; **, large effect size.

Table 2. Post-hoc analysis and effect sizes among samples during three days of the competition on
the total sample of measurements for C, with p-levels shown in the table.

Day 1

Variable Mean SD Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6

Sample 1 0.53 0.21 1.00 1.00 0.57 * - -
Sample 2 0.56 0.14 1.00 1.00 0.83 * - -
Sample 3 0.53 0.10 1.00 1.00 0.58 * - -
Sample 4 0.66 0.17 0.57 0.83 0.58 - -

Day 2

Sample 1 0.50 0.13 0.84 * 0.60 * 0.03 ** 1.00 * 1.00
Sample 2 0.61 0.23 0.84 * 0.99 0.23 * 0.98 * 0.94 *
Sample 3 0.65 0.15 0.60 * 0.99 0.67 * 0.90 ** 0.82 **
Sample 4 0.89 0.29 0.03 ** 0.23 * 0.67 * 0.34 ** 0.26 **
Sample 5 0.39 0.12 1.00 * 0.98 * 0.90 ** 0.34 ** 1.00
Sample 6 0.44 0.01 1.00 0.94 * 0.82 ** 0.26 ** 1.00
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Table 2. Cont.

Day 3

Variable Mean SD Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6

Sample 1 0.42 0.15 0.75 * 1.00 0.13 1.00 1.00
Sample 2 0.60 0.18 0.75 * 0.85 * 0.83 * 0.56 ** 0.98 *
Sample 3 0.45 0.17 1.00 0.85 * 0.19 * 0.99 1.00
Sample 4 0.76 0.32 0.13 0.83 * 0.19 * 0.07 ** 0.52 *
Sample 5 0.38 0.18 1.00 0.56 ** 0.99 0.07 ** 0.97 *
Sample 6 0.50 0.12 1.00 0.98 * 1.00 0.52 * 0.97 *

Legend: SD, standard deviation; *, moderate effect size; **, large effect size.

Figure 3 presents the correlation between biomarker levels and the grade of a dive
before and after the dives. It can be noticed that there is no significant correlation between
C levels and the grade of a dive. Similar findings are observed for AA levels, with no
significant correlation between the result and AA.
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Analysis of differences between males and females showed no significant differences
(see Figure 4). Furthermore, the correlation between AA and C showed that there is no
significant relationship between measured biomarkers. Precisely, the day 1 correlation
showed a 0.21 Pearson coefficient between variables. Furthermore, day 2 also showed a
small coefficient (0.32), similar to day 3 (0.36) (see Figure 5).
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3. Methods
3.1. Participants

The sample of participants included 6 professional cliff divers (3 female and 3 male
divers) who regularly compete on the Red Bull Cliff Diving Tour. Their mean chronological
age was 28.33 ± 5.24 years (females, 29.66 ± 5.68 years; males, 27.00 ± 5.57 years), body
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mass of 66.33 ± 7.74 kg (females, 60.33 ± 4.51 kg; males, 72.33 ± 4.62 kg), and body height of
170.67 ± 6.06 cm (females, 167.67 ± 7.51 cm; males, 173.67 ± 2.89 cm). Their saliva samples
for salivary cortisol (C) and alpha-amylase (AA) determination were collected during a
3-day competition. The collection of samples occurred before and after the training and
competition dives, which ranged from 4 to 6 samples per day, depending on the competition
day (4 samples on day 1; 6 samples on days 2 and 3). All athletes who took part in this
study volunteered and were informed about the purpose of the study. The participants
were asked about the existence of an anxiety disorder or a tendency to panic anxiety, which
was reported as non-existent. Experimental procedures were completed following the
declaration of Helsinki, and they were approved by the Faculty of Kinesiology, University
of Splitethics board (Ethics Board Approval No. 2181-205-02-5-23-027).

3.2. Procedure

In this study, saliva samples from 48 dives were collected during the 3-day cliff diving
competition. AA activity and C concentration were determined in saliva samples. All dives
during competition days were completed in the afternoon hours between 1.00 p.m. and
5.00 p.m. The number of samples collected during any day was different due to the fact
that divers performed an unequal number of dives per day. Therefore, day one had fewer
dives and fewer samples. During the first day of the competition, 4 samples were collected
from 2 dives (the first was a training dive, and the second was a competition dive). On
the second and third competition days, more samples were collected, namely six samples
collected from three dives (the first dive was a training dive, while the second and third
were competition dives).

Apart from biomarkers, the grade of a dive was collected for each dive, which rep-
resents the final result of a diver’s performance for the execution of a single dive during
the competition.

3.3. Sampling and Handling

Saliva samples were collected (see Figure 6) for salivary biomarker determination.
The athletes rested for 48 h before the first day of the competition. After an overnight fast
and without eating a major meal 60 min before sample collection, the athletes rinsed their
mouths thoroughly with water 10 min before each sample was collected.

For this purpose, SalivaBio Oral Swabs, SOS (Salimetrics LLC, State College, PA, USA),
were used and placed underneath the tongue on the floor of the mouth for 2 min. After
collection, the swabs were placed into a storage tube and refrigerated immediately. Within
2 h following sampling, the samples were frozen at –20 ◦C until centrifugation. On the
day of the analysis, the samples were thawed completely and centrifuged at 1500× g
(3000 rpm) for 15 min. After centrifugation, assays were performed. Saliva C was analyzed
with a commercially available enzyme-linked immunosorbent assay (ELISA), purchased
from Salimetrics LLC (State College, PA, USA), on a microplate reader (Infinite 200PRO,
Tecan, Mannendorf, Switzerland). Standard curves were constructed according to the
manufacturer’s instructions and commercially available standards, and quality control
samples were used for all assays (Salimetrics LLC). The assay sensitivity for salivary C
was 0.007 µg/dL, with an average intra-assay CV of 4.5%. All samples were analyzed
in the same batch to avoid intraassay variability. Samples for AA were analyzed using a
kinetic enzyme assay kit from the same supplier (Salimetrics LLC, State College, PA, USA).
The average intra-assay CV was 5.5%. Values are expressed as AA concentration (U/mL).
Salivary hormone concentrations were corrected for the salivary flow rate.
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3.4. Statistical Analysis

The statistical analyses included a Kolmogorov–Smirnov test procedure to determine
the normality of the sample, which showed a normal distribution of data. Hence, the
ANOVA for repeated measurements was used to identify possible differences between
measurements in all groups of participants. Furthermore, the Scheffe post-hoc test was
performed to determine differences among samples collected during the competition (e.g.,
days of competition and samples during a day in the competition). The determination of
differences between male and female participants and between training and competition
dives was performed using a t-test. Furthermore, a Pearson correlation was calculated for
the relationship between biomarkers and between grade of dive and biomarkers. Cohen’s
effect size (ES) statistics, with modified qualitative descriptors (trivial ES: <0.2; small ES:
0.21–0.60; moderate ES: 0.61–1.20; large ES: 1.21–1.99; and very large ES: >2.0), were used
to prove the significance of the differences obtained. It was calculated taking into account
means, standard deviations, and the number of samples.

The software Statistica ver. 13.0 (Dell Inc., Tulsa, OK, USA) was used for all analyses,
and a p-level of 95% (p < 0.05) was applied.

4. Discussion

The main aim of this study was to determine the dynamics of stress markers in both the
endocrine and nervous systems of cliff divers during a three-day competition. Additionally,
the fluctuations of activity in both systems were assessed during an individual day with
regard to the dives performed. Following that, this study presents a few important findings:
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(i) there are no significant differences between days of competition for both biomarkers, but
with different trends of biomarker fluctuation; (ii) AA activity fluctuates among samples
during a course of one day; (iii) C concentration shows a significant rise in the fourth
sample after which the drop occurs.

The analysis of the results demonstrates that the increase/decrease trend of C and
AA is present throughout the competition days. Precisely, C demonstrates a steady state
during the days, with the highest value during the second day. On the other hand, AA
has a stable trend of increasing from day 1 to day 3. Moreover, when observing the fluc-
tuations of biomarkers during the days independently, it can be noted that fluctuations
follow a trend of increase and/or decrease depending on the competition. Such differ-
ences in the trends of biomarkers could be explained by their circadian rhythms and the
factors that influence their fluctuations. C is a valuable marker for the determination of
physical and physiological stress that is connected with endocrine system activity and the
hypothalamic–pituitary–adrenal gland axis (HPA) [23]. Previous studies demonstrate that
C increases are defined by the intensity and/or duration of the workout [24,25] and the type
of exercise [26,27]. On the other hand, AA is mostly connected to the nervous system and
sympathetic–adrenal medullary (SAM) axis, which elicit faster liberation of this biomarker.
Also, its secretion is influenced mostly by psychological factors (e.g., anxiety, audience,
winning/losing) [28]. Therefore, the fluctuations of AA could also be seen in activities
with low physical effort (e.g., archery) [29]. Furthermore, the biomarkers did not show
a significant difference between the days of competition. Additionally, the relationship
between the result (grade of a dive) and biomarkers did not show a significant connection.
Such results are logical since all of the divers perform at the elite level and experience
similar stress. Apart from that, the observed results are seen only in this competition,
and the peak performance of divers is unknown. Therefore, other unknown factors could
influence the biomarker increase.

Following the nature of both biomarkers, it can be seen that the impact of cliff diving
competition tends to influence the rise in C on the first day and maintain such levels
throughout all competition days. AA seems to show an apparent rise from day 1 to
day 3 without reaching a level of significance. Such trends imply that nervous system
activity increases, possibly due to the higher difficulty of the jumps and the duration of
the competition, whereas the endocrine system adapts to stress and stays at the same
level once it reaches a high level [30]. Also, the lack of correlation between C and AA
could be a possible explanation for such conclusions. Precisely, the divers have more
nervous system activations without high physical effort. Apart from the physiological
and physical explanation of the stress, there is also a possible influence on psychological
mechanisms. Precisely, previous studies showed that the reactivity of the HPA and SAM
stress systems can be dissociated in people with particular personality profiles [3]. A
personality profile of psychological resilience (i.e., low harm avoidance combined with
high persistence and/or high self-directedness) mediates decision-making to pursue likely
rewards despite substantial risk of injury [3].

Analysis of the fluctuations of AA during the course of one day demonstrated that
nervous system activation is unevenly distributed. Precisely, there is an increase-and-
decrease trend with moderate-to-high effect sizes between samples. Such observations
could be examined based on the nature of the cliff diving competition. The competition
in this study was held in such a manner that the diver performed a single training dive
at the beginning, followed by three consecutive competitive dives. The increase in AA
could be observed exactly after each dive. Moreover, since cliff jumping does not load an
athlete physically, the AA fluctuations are most likely linked to psychological factors/stress.
This trend of increase due to the psychological nature was examined earlier. Precisely,
Skosnik, et al. [31] showed how stressful video games could influence AA increases in
participants. Also, Chatterton, et al. [32] demonstrate that AA levels are significantly higher
in skydiving when compared to baseline values. Additionally, Red Bull Cliff Diving is an
extreme competition where athletes demonstrate their skills from a 24–28 m platform [33].



Stresses 2024, 4 543

Following that, a previous study performed on base jumpers showed that experienced
athletes perceive the highest values of AA after the jump, whereas novices demonstrate
such results before the jump [3]. Therefore, an examination of the AA change that is noticed
by extreme athletes showed that the highest values are experienced after the activity. Such
a trend of AA is observed in most of the Red Bull Cliff Diving World Series athletes in
our study.

The analysis of C dynamics demonstrates that the endocrine system activates at the
beginning of the competition and exhibits the highest values at the fourth sample of the
day. Such a trend could be examined through the time that is needed for the biomarker
to respond to the activity [34]. Precisely, the endocrine system has a slower response time
when compared to other systems (e.g., the nervous system) [34]. It’s activation in other
studies ranges between 20 and 30 min [35]. Following that, the peak in levels of C is present
around 40 min after the training dive. Therefore, such results could imply that cliff divers
experienced stress from the competition after the first dive, which then occurred sometime
later. Additionally, this peak is present after the second competition dive, after which a
drop in C levels occurs. Examination of previous studies showed two possible explanations.
Firstly, the trend could be observed with the adaptation of the athletes to the psychological
and physiological stressors placed upon them in extreme sports [3,5]. The authors showed
that more experienced athletes or athletes with higher sensation-seeking traits perceive
lower levels of C during activity. Secondly, there seems to be a possible influence of diurnal
rhythm on measured C. Precisely, general data showed that the C levels are highest upon
awakening of the person, after which they drop significantly. This drop occurs throughout
the day in a non-linear manner, with the lowest values around 5 P.M. [36]. The cliff divers’
last dive of the day happened approximately around 5 P.M. Therefore, the diurnal rhythm
may have influenced the secretion of C.

Limitations and Strengths

The main limitation of this study is the small sample size, which sets precautions for
the interpretation of the results. Also, the circadian rhythm of the measured biomarkers can
be seen as a limitation. This rhythm changes the normal daily fluctuation of the hormones,
which could interfere with measurements. Additionally, the half-life (duration of biomarker
presence in the human body) of biomarkers could be seen as a limitation. However, this
study is the first to examine the high diversity and the stress that is placed on them. With
that being said, the ecological validity of this study is the main strength of this study, since
this study was performed during an official competition with elite high divers.

5. Conclusions

These results demonstrate how a cliff diving competition tends to increase AA activity,
and, hence, the nervous system activity can be defined. However, the endocrine system
has an increase/decrease response visible during three days. Such findings imply that
divers have a stress adaptation because C is relatively stable when observing the levels of
biomarkers throughout the day. However, it can be noted that during one day, the levels of
biomarkers fluctuate (increasing and decreasing). Therefore, different dives during each
day elicit the fluctuation of biomarkers differently. Additionally, it should be emphasized
that the sample of divers in this study is small (N = 6). Hence, the generalization of the
obtained results should be taken with caution. Because of that, the stress during cliff diving
should also be observed under different conditions with a larger sample.

To conclude, it can be said that even though there is no high physical load exerted on
cliff divers, they have high levels of stress biomarkers. In regard to the lack of correlations
between results and biomarkers, the stress could be influential on their performance
and focus for the dives. Therefore, athletes could use different stress coping techniques
(slow-paced breathing, diaphragmatic breathing) to manipulate stress levels and improve
their performance.
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