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Abstract
By using a psycho-physiological approach we investigated the stress response during parachute jumping, a well-

characterized stress model to study emotional and physical stress in humans. Besides the observation of hormone 
reactivity in response to such a short-term stressful event, this study focused on the correlations among competitive 
state anxiety components, hormonal and autonomic responses. Seven male sport-parachutists, aged 35.7 ± 17.5 
years, took part in the study after giving their informed consent. Neuroendocrine and autonomic variables were 
measured 12 h before jumping (basal), within 60 s (jump) and 90 min after touching the ground (post-jump). Prior to 
boarding, participants were administered the Competitive State Anxiety Inventory-2 (CSAI-2) questionnaire. Salivary 
cortisol (Cort) and α-amylase (A-A) concentrations were measured by spectrophotometry using commercial kits. 
For heart rate (HR) and galvanic skin response (GSR) assessments data were acquired by holter recording, within 
an interval time of 5 min following saliva collection. Parachute jumping led to a strong response of Cort, A-A, as 
well as HR and GSR, as shown by the values noted as basal and at jump, meaning that the psychological arousal 
linked to this condition acts on different systems. In examining bioumoral correlates and psychological measures of 
stress and anxiety we found correlations between neuroendocrine parameters and anxiety components. However, 
no relationship between Cort and somatic or cognitive anxiety was noted, suggesting that this physiological measure 
is not a good index of stress during parachuting. As revealed by the differences in cognitive or somatic state 
anxiety, stress related to sport parachuting differentially affected salivary indices. Alpha-amylase seems to be a 
better physiological indicator than cortisol to examine the relationship between neuroendocrine parameters and 
state anxiety components. Finally, this is the first report that GSR significantly correlated with A-A and the somatic 
component of competitive state anxiety, confirming its potential to provide researchers with a tool for objectively 
measuring stress during operational conditions. On the whole, these findings have contributed to our understanding 
of hormone-behavior relationships.

Keywords: Stress; Anxiety; Cortisol; α-amylase; Saliva; GSR;
Parachute jumping; Autonomic nervous system; CSAI-2

Introduction
Many studies recognize the hypothalamic-pituitary-adrenal (HPA) 

axis, the sympathetic- adreno-medullary (SAM) and the sympatho-
neural (SN) systems as the main components of the psychobiology of 
stress, by means of both the secretion of glucocorticoids (e.g., cortisol) 
and the release of catecholamines into the blood stream [1-5]. Although 
these systems are physiologically interconnected, they show different 
characteristic responses to stress and associations with behavior. In 
fact, neuroendocrine and autonomic responses can differentially 
react to stressors, depending on the type and intensity of the stressor 
itself and interpreted in light of individual experience [6-7]. Separate 
factors regulate cortisol and catecholamines release. Cortisol is related 
to the amount of threat or distress produced by a task [8], which is 
especially relevant in situations inducing ego-involvement, novelty and 
unpredictability, leading to negative affective states [9]. By contrast, 
SAM activation appears to be related to the amount of effort put in 
action by the subject in a task and associated with feeling of alertness 
and action proneness [10]. Therefore, the excretion rates of cortisol 
and catecholamines could be seen as indicators of the effect of different 
task and environmental demands on healthy people [11-14]. Emotions 
represent individual’s perception of personally relevant environmental 
interactions, including not only challenges and threats, but also the 
ability to respond to them [15]. Viewed as such, an adequate emotional 
response to stress is based on the selection, from a broad behavioral 

repertoire, of an optimal response and the inhibition of less functional 
ones to constantly changing environmental demands. Individual 
differences in response to stressors can be measured non-invasively 
in saliva. Measurement of the activity of the HPA axis via salivary 
cortisol is well established [16]. More recently, the salivary α-amylase, 
an enzyme produced locally by salivary glands, has become feasible, as 
a marker of the adrenergic component of the stress response [17,18]. 
Salivary α- amylase levels increase under stressful conditions known 
to increase plasma catecholamines [19-22]. The levels of α-amylase in 
the body have been used as an effective measure of stress, including 
social stress, such as performance in front of an audience [23-25], 
testing [26] ,competition [27,28], and physical stress [29-31]. Non-
invasive measurement of activity in the SN system is also possible via 
skin conductance. The GSR has long been considered a measure of 
physiological and mental stress [32]. This method consists in capturing 
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the autonomic nerve response as a parameter of the sweat gland 
function, by measuring the electrical resistance of the skin. As a matter 
of fact, the relationship between stress and anxiety is unequivocal. 
Feelings of anxiety are stressful and exposure to stressors induces 
neuroendocrine activation associated with increased anxiety. Morris 
et al. [33] have proposed a multidimensional view of anxiety, which 
differentiates anxiety into physical and mental components. Consistent 
with this multidimensional theory of anxiety, Martens et al. [34] 
developed a sport anxiety scale, the CSAI-2, to differentiate between the 
cognitive and somatic components of state anxiety and self-confidence, 
when investigating anxiety components during a competition. The 
functional relationships between psychological stress reactions, SN 
and SAM responses and HPA axis activation have been extensively 
investigated both during experimental laboratory sessions [16,35-37]. 
Competitive parachute jumping is an acute, intensive stress situation, 
which has been employed by several investigators as a real-life stress 
situation [32,38-40]. Sport parachuting is characterized by a markedly 
accentuated sympathetic activation, as shown by the increase in heart 
and respiration rates [41] and a higher degree of self-rated arousal 
during jumps [42]. The increase in HR can be principally ascribed to 
emotional tension and a state of anticipation, rather than to physical 
stress [43-45]. The process of coping with anxiety and emotion in this 
situation appeared to be characterized by specific hormone patterns, 
particularly elevated catecholamines and suppressed levels of cortisol 
and testosterone [19]. Time kinetics of the endocrine response in 
inexperienced parachutists showed a significant increase in epinephrine 
concentrations during the jump itself, while norepinephrine, cortisol, 
growth hormone, prolactine, and thyroid- stimulating hormone 
peaked with a latency of 10-20 min. Apart from cortisol and TSH 
concentrations, which were still elevated 1 h after the stress event, 
plasma levels of the other endocrine variables normalized within 1 h 
following the jump [46-49]. There are studies on aggressive behavior 
that indicate a diverse stress response between SNS and HPA; using a 
psycho-physiological approach to investigate competitive stress during 
parachute jumping, this study aimed at providing indications on the 
relationship between anxiety components and hormonal responses and 
determining whether the GSR can be adopted as a tool for objectively 
measuring the stress response during operational conditions. Since 
sportive activity simulates some situations of aggressive behavior, the 
purpose of this study was to investigate whether the SNS and the HPA 
axis would show parallel or divergent stress response patterns in a 
session of parachute jump. In general, there are not studies about the 
effect of skydiving on both the SNS and HPA axis. 

Methods 
Subjects 

Seven healthy adult male sport-parachutists, with different level of 
experience, took part in the study. All participants were in good health, 
as defined by the absence of cardiovascular disease, or had no history 
of endocrine disorders and were not taking any medication. Prior to 
data collection, the purpose of this study was explained thoroughly 
and informed consent was obtained from each participant, according 
to the Declaration of Helsinki. The study has been approved by the 
Ethics Committee of the Second University of Naples. The sample size 
is conditioned by the fact that it is preferable to test the reactions in the 
same day with identical environmental conditions and weather.

Study protocol

The study protocol consisted of one day of testing in which each 
participant was asked to continue his normal work and leisure activities. 

The subjects were instructed to have food and beverages as usually and 
to sleep a sufficient amount of hours. Jumps were performed between 
1845 h and 1915 h. The altitude reached by the aircraft at the time of the 
jump was 4500 feet, allowing for a free fall of 60 s before the parachute 
was opened and approximately 90 s until touching the ground.

Hormonal assay

Salivary samples were collected in the first 30 min immediately 
after awakening (basal), within 60 s (jump); and 90 min after touching 
the ground (post-jump), by means of cotton- swabs (Salivette, Sarstedt, 
Rommelsdorf, Germany). Participants were asked to place the cotton 
swab into their mouth for at least 2 min while chewing and then 
insert it back into a special plastic tube. Samples were returned as 
soon as possible to the laboratory and stored at -20°C for further free 
cortisol and α-amylase assay. The absence of blood contamination 
was checked by a salivary blood contamination kit (Salimetrics LLC, 
State College, PA, USA). The saliva collecting tubes were centrifuged 
at 1500 x g for 15 min at 4°C. Fifty to 100 µl of saliva were used for 
duplicate analysis. All samples were tested in the same series to avoid 
any variations between tests. The Cort and A-A concentrations were 
measured by commercial kits (Salimetrics LLC, State College, PA, 
USA), according to manufacturers’ instructions. The intra-assay and 
inter-assay coefficients of variation were 3.7% and 7.5% for Cort, 4.2% 
and 7.8% for A-A. A standard plate reader (Power Wave XS, Bio-Tech 
Instruments, US) was used for salivary determination by 450 nm filters.

Measurement of HR responses and GSR

Within an interval time of 5 min following saliva collections, HR 
responses and GSR data were recorded. Each participant wore a chest 
belt hard-wired to a digital R-R recorder (Polar Electro Oy, Kempele, 
Finland), where the QRS-signal wave-form R-R signal was sampled at 
the resolution of 1 ms. The HR (beats min-1) was calculated according 
to the following Formula: 

HR = 60 •R-R interval-1 where, R-R interval was converted into 
seconds.

The GSR parameters were measured simultaneously using the 
SenseWear Pro Armband™ (version 3.0, Body Media, Inc. PA, USA), 
which was worn on the right arm over the triceps muscle at the midpoint 
between the acromion and olecranon processes, as recommended by 
the manufacturer.

Psychometric assessment

Thirty min prior to entering the aircraft participants were 
administered the Italian version of the CSAI-2 questionnaire [50]. 
The CSAI-2 is a 27-item inventory that measures cognitive state 
anxiety (CA), somatic state anxiety (SA) and self-confidence (S-C) in 
a competitive setting [34]. Each subscale, consisting of 9 items, is rated 
on a scale from 1=“not at all” to 4=“very much so”, resulting in scores 
ranging from 9 to 36 for each subscale. High scores on CA, SA and S-C 
indicate high levels of anxiety and self-confidence, respectively.

Statistical analysis

The statistical program Graph Pad Prism for Windows (v.5.01) 
(San Diego, CA, USA) was used for the analysis and treatment of the 
data. Physiological responses during the experimental session were 
analyzed using one-way analysis of variance (ANOVA) with repeated 
measurements, as well as the Student’s t-test, when appropriate. 
When a significant (p<0.05) F value emerged, the Bonferroni multiple 
comparisons test was performed to identify significant differences 
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among measures. The Pearson correlation coefficient was used 
to ascertain the relationships among variables. When significant 
differences emerged, a linear regression analysis was performed. The 
Cronbach’s alpha coefficient for internal consistency was calculated for 
the CSAI-2 scores, assuming an alpha value of ≥ 0.8 as reliable. Data are 
reported as mean (M) and standard deviation (SD).

Results
Physical characteristics

The physical characteristics of the subjects participating in the 
study are presented in Table 1. Their ages ranged between 18 and 61 
years and all were within 10% of their ideal body weight.

Physiological responses to stress

Physiological reactions of parachutists were investigated as a 
function of the sequence of events leading up to and following a jump. 
Variation in the range of basal values of both A-A and Cort were not 
associated with age, which is in keeping with consensus opinion that 
adrenal activity is not age-dependent.

Parachute jumping induced the expected significant increases 
in both autonomic and hormonal variables. The analysis of variance 
showed significant differences between the experimental conditions 
for Cort [F(2,18)=7.9, p<0.01), A-A (F(2,18)=4.7, p<0.05], HR 
[F(2,18)=21.7, p<0.01] and GSR [F(2,18)=4.2, p<0.05], respectively. As 
shown in Figures 1A and 1B, concentrations of A-A and Cort rose in 
parallel, reaching peak values immediately after landing. Interestingly, 
the concentration of Cort fell to basal values within 90 min, but the 
concentration of A-A remained significantly elevated [F(2,18)=4.7, 
p<0.05] after 90 min from touching the ground, with respect to basal 
values. Figures 1C and 1D show autonomic responses across each 
condition. Heart rates significantly increased from a basal mean of 67.4 
± 9.8 beats α min-1 to a peak value of 120.3 ± 20.7 beats min-1 at the 
jump, corresponding to 51.4 ± 13.2% of the individual’s maximal HR. 
After touching the ground, HR dropped to values similar to the basal 
ones. No ventricular arrhythmias or ST segment abnormalities were 
recorded.

Significantly higher GSR levels were recorded at jump, suggesting 
high levels of stress. Accordingly with A-A changes, GSR levels 
remained significantly elevated after 90 min from touching the ground, 
as compared to basal values.

Psychological responses to stress

The CSAI-2 scores are presented in Table 2. The Cronbach’s index 
of internal consistency for the three subscales showed good internal 
consistency (α=0.85-0.91). As shown in the table, S-C reached the 
highest scores, whilst absolute scores for CA and SA reached lower 
values, showing a similar trend. One-way ANOVA showed significant 
differences for S-C and SA [F(2,18)=55, p<0.01] and for S-C and CA 
scores [F(2,18)=27.5, p<0.01], but not for SA and CA scores.

Correlations among measures

Table 3 shows the correlation between physiological responses 

and psychological variables at jump. Significant correlations emerged 
between A-A and GSR (r=0.71, p<0.05), and between Cort and 
HR (r=-0.80, p<0.05). No correlation was found between A-A and 
Cort responses, and between HR, GSR or A-A responses. Regarding 
psychometric variables, SA scores significantly correlated with 
both A-A (r=0.90, p<0.01) and GSR (r=0.76, p<0.05). A significant 

Subjects
(n)

Age (years)
M ± SD

Weight (kg)
M ± SD

Height (cm)
M ± SD

BMI (kgm2)
M ± SD

7 35.7 ± 17.5 76.7 ± 7.3 174.9 ±  10.1 25 ± 1.5

Table 1:  Age and anthropometric values, expressed as mean ± standard deviation. 
BMI: body mass index.

Figure 1: Hormonal and autonomic responses, Mean salivary α-amylase 
(A-A) (A), Cortisol (Cort) (B), heart rate (HR) (C), and galvanic skin response 
(GSR) (D) responses to parachuting as a function of time-to event: at the 
morning of the jump (basal), after 60 s (jump) and 90 min from touching the 
ground (post- jump). *p<0.05; **p<0.01 vs basal; †p < 0.05 vs basal. Graphs 
show ± SD.

Psychiological Instrument State Measure
CSAI-2 CAt SA S-C

M ± SD M ± SD M ± SD
13.6 ± 3.4 12.7 ± 3.5 27.7 ± 1.9

Table 2:  The CSAI-2 scores, values, expressed as mean ± standard deviation.

A-A 0.03
GSR -0.17 0.71*

HR -0.80* -0.39 -0.22
CA -0.02 0.55 0.25 -0.30
SA -0.18 0.89* 0.76* -0.24 0.33
S-C -0.18 0.54 0.43 -0.02 0.47 0.82*

Note: A-A, α amylase; Cort, Cortisol;HR, Heart Rate;GSR, galvanic Skin 
Response;CA, Cognitive Anxiety; SA, Somatic Anxiety; S-C, Self-Confidence. 
*P<0.05; **P<0.01

Table 3: Pearson correlation coefficients among physiological responses and 
psychological variables at jump.
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relationship was also found between SA and S-C (r=0.82, p<0.05). As 
shown in Figure 2, subsequent regression analysis evidenced a linear 
relationship between A-A and SA (r2=0.79, F=19.3, p<0.01), GSR and 
SA (r2=0.58, F=7.0, p<0.05), SA and S-C (r2=0.67, F=10.1, p<0.05). 
Interestingly, the negative relationship between Cort and HR was 
confirmed (r2=0.65, F=9.1, p<0.05); while a positive trend was found 
between A-A and GSR (r2=0.51, F=5.2, p=0.07; data not shown).

Discussion
Few studies have examined both hormonal and autonomic 

responses throughout the course of a parachute jumping event and the 
state anxiety associated with such a performance [19,51]. A similar lack 
of information exists as to somatic and cognitive anxiety. In the present 
study, physiological measures were recorded from sport parachutists 
before and after a single jump session and compared with self-reported 
state anxiety ratings, arising the question whether differences in 
physiological responses would correspond to differences in subjective 
ratings of both SA, CA and S-C. Not infrequently, novice parachutists 
manifest a level of anxiety unrivaled by the behavior disorders. If 
taken out of this context, symptoms including cognitive and motor 
disorganization, ambivalence and perceptual denial, would rather 
suggest the presence of pathology. Conversely, experienced jumpers 
present an entirely different picture, in that if they experience anxiety, 
it is not evident. Therefore, in the present study subjects with different 
level of experience were used as their own controls. With respect to the 
overall results a great deal of uniformity across subjects was verified, 
indicating that particular organ systems react in an increasingly 
characteristic way once the stress is high. Emotions can be considered 
the result of two major components: a physiological arousal, which 
prepares the action and cognitive assessment of the environmental 
situation, which drives the behavioral response of the subject [52]. State 
anxiety, typical of sport situation, is the tendency to perceive competitive 
situations as dangerous and to respond accordingly with feelings of 
tension and apprehension [53]. A further terminological distinction 
derives from the subjective manifestations of anxiety, identifying the 

cognitive and somatic components of both state and trait [54]. Arousal 
accompanying somatic response reflects the intensity of the activation 
of the body and is conceptually independent of emotions. Nevertheless, 
states of peripheral autonomic arousal accompany emotional 
behaviour, physical exercise and cognitive effort. Data presented in this 
study demonstrated that at jump HR peaked, increasing by 180% as 
compared with the basal values. The A-A paralleled this trend increasing 
more than 400%. These data are consistent with previous findings in 
parachutists [41,19]. Although there are no absolute levels of GSR, 
indicative of high workload or stress, higher GSR levels recorded during 
certain tasks suggest higher levels of stress. Comparing GSR data with 
A-A values may provide sufficient evidence that GSR data captured 
during the same experimental conditions are actually measuring 
stress. Changes in A-A concentrations were significantly related to the 
change in the GSR response produced at the jump. This relationship 
states for an augmented SAM response occurring during the task and 
represents evidence which has not been yet established. However, such 
a correlation was not confirmed for HR changes. Taken together, our 
data demonstrate that A-A and GSR changes may be considered a sort 
of “situational” stress and arousal. In our study we have also shown 
that in response to conditions that stimulate autonomic functions 
and adreno medullary secretion a concurrent activation of the HPA 
axis exists. Data presented in this study demonstrated that parachute 
jumping led to a strong response of Cort, which increased by 380% 
as compared with the basal values. Such an increase cannot be solely 
explained by the common knowledge that cortisol increase is linked to 
exercise. In fact, during parachute jumping the energetic component is 
rather low, as is the case of numerous sports consisting of short duration 
bouts of exercise. Moreover, according to Passelergue et al. [55], 
whatever the hour of sampling collection Cort was elevated, meaning 
that the psychological arousal linked to this condition acts on the HPA 
axis. However, no relationship between Cort and somatic or cognitive 
anxiety was noted, suggesting that this physiological measure is not a 
good index of stress during parachuting; in fact cortisol reactivity is not 
an important mechanism for observed cognitive stress vulnerability 
[56]. Although the HPA axis and the SAM are physiologically 
interconnected, they have different characteristic responses to stress 
and associations with emotions [57-59]. The HPA axis is activated by 
negative affect associated with stress, including fear and frustration, 
whereas the SAM system is related to effort and is valence non-specific 
[60,61]. Data presented in this study demonstrated that physiological 
responses showed a similar pattern of changes as a function of time 
to the jump, confirming their integrative role into a common system 
of arousal. The association of SAM with autonomic system activation 
resulted to be even closer than that of SAM with HPA activation. In fact, 
our data clearly demonstrated the relationship between GSR and A-A 
responses to stress, but failed to show association between Cort and 
A-A changes, even though both responses evidenced a similar trend. 
When evaluating HR and Cort together, as a combined physiological 
reactivity, no correlation was found at the average basal values (data not 
shown). Interestingly, they negatively correlated at jump, suggesting 
a relative dependence of the HPA axis and the autonomic nervous 
system in response to highly stressful situations. In fact, the increase 
in Cort levels upon touching the ground could be related to increased 
vagal modulation despite persistent sympathetic activation. Overall, 
these data indicated that while there is evidence for a common system 
of arousal, there is also evidence for a degree of independence among 
the different systems. Understanding the various manifestations of the 
anxiety is important to comprehend their influence on performance. A 
negative linear relationship with CA and a positive linear relationship 
with their personal capacity has been proved in relation to physical 

Figure 2: Regression analysis among physiological responses at jump and 
psychological variables.
Positive relationships between salivary a-amylase (A-A) and somatic anxiety 
(SA) values (p<0.01) (A), galvanic skin response (GSR) and SA values 
(p<0.05) (B), SA and self- confidence (S-C) values (p<0.05) (C), and negative 
relationship between cortisol (Cort) and heart rate (HR) values (p<0.05) (D) 
in parachutists at jump. Dotted line depicts 95% confidente interval.
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performance [62]. The SA also has a greater negative impact on events 
of short duration. The relationship between SA and performance is 
rather inverted U-shaped: to the increase in the SA is corresponding 
an increase in the level of arousal of the body and performance, up 
to an optimal point beyond which the performance lapses [63]. Data 
presented in this study demonstrated that parachutists reported a 
moderate level of anxiety and a higher level of S-C. According to Hanton 
et al. [64], cognitive and somatic symptoms individually perceived 
within personal control and thus interpreted to be facilitative were 
believed to increase confidence and performance. Therefore, the high 
S-C scores could be considered as an essential characteristic to protect 
parachutists against dysfunctional thoughts and feelings. Changes in 
Cort together with SA measures seems to provide a sensitive index of 
stress, as shown by the relationships between SA, CA and Cort [65,66], 
or by the direction of anxiety components and cortisol [67]. Conversely, 
others studies found no relationship between anxiety intensity and 
Cort concentrations before competition [68,69]. Combining Cort, 
A-A changes and GSR data with SA scores, a significant association 
between A-A levels, GSR values and SA, but not CA scores emerged. 
Research points to cortisol reactivity as the mechanism for observed 
cognitive stress vulnerability [51]. However, our data do not support 
this hypothesis. Neither SA or CA, nor S-C correlated with Cort values, 
suggesting that this physiological measure is not as good as A-A to 
assess stress during parachuting. Finally, no correlation was observed 
between HR upon touching the ground and the SA scores.

Regression analyses showed positive relationships between S-C, 
SA, A-A concentrations and GSR data. Increases in A-A concentration 
and GSR were generally associated with increases in reported SA 
symptoms. This positive trend would support the view that arousal can 
result in increases in A-A levels and GSR. The S-C scale of the CSAI-2 
positively correlated with the SA scale, but no correlation was found 
with CA scale, indicating that positive emotional elements were not 
influenced by CA levels. Taken together, these findings suggest that 
there is a different impact on anxiety and self-confidence levels when 
participants are required to approach jumping. Somatic anxiety and 
S-C are both correlated with SN and SAM activation and support 
coordinated regulatory mechanisms for endocrine and autonomic 
responses to stressor, contributing to the theory of interacting 
systems of cognitive evaluation, autonomic processes and hormonal 
functioning. Moreover, our findings indicate that GSR curves produce 
a better correspondence with the personality descriptions, than the 
curves of HR and Cort.

In conclusion, by combining the study of the physiological reactions 
and the emotional response, we obtained the first data on the relationship 
among hormonal, autonomic and both somatic and cognitive anxiety 
in subjects practicing sport parachuting. Data presented suggest that 
SA is correlated with SN and SAM activation, and that coordinated 
regulatory mechanisms for endocrine and autonomic responses 
to stressor may exist. Our findings also confirmed that GSR has the 
potential to provide researchers with a tool for objectively measuring 
stress during operational conditions. However, with respect to the 
presented results, a more proper elucidation of the overall relationships 
produced by the physiological measures and competitive state anxiety 
seems to be an important target for further research addressed to 
substantiate these observations. Therefore the present study should 
lead a contribute to the psychiatric literature because It was shown that 
extreme arousal, caused by parachute jumping, triggers substantial 
anticipated and post-activity CORT secretion. Empirical work in 
this domain is limited and this study is the first to demonstrate that 
intense acute stress effects become more pronounced when a learning 

task gains complexity. Finally, both the realistic stressor and the path-
learning task provide increased ecological validity to the present results, 
particularly for occupations for which path learning and way finding 
under pressure are paramount characteristics of job performance (e.g., 
the military, police officers, and emergency personnel).
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