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Abstract: Background: This research aimed to analyze the effect of experience and professional role on psychophysiological stress 
response in underwater evacuation training. Methods: We analyzed 36 participants (39.06±9.01 years), divided into two different 
groups; 17 crew members (38.6±7.2 years) and 19 medical members (39.5±10.5 years). modifications in the rating of perceived 
exertion, subjective stress perception, heart rate, blood oxygen saturation, cortical arousal, heart rate variability, spirometry, 
isometric hand strength, and short-term memory before and after underwater evacuation training were analyzed. Results: The 
maneuver produced a significant increase in SSP, RPE, IHS, FVC, and SatO2 at different moments of the intervention, being higher 
in crew members. Conclusions: We found that the underwater evacuation training produced an anticipatory anxiety response, 
and an increase in autonomous sympathetic nervous system modulation not affecting strength capacities, cortical arousal, and 
memory independently of the aircraft role (medical or crew). 
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INTRODUCTION 

Previous studies have shown how military combat situations 
are one of the most stressful events a human can cope with, 
due to their unpredictable, dangerousness, and highly 
demanding context [1]. Independently of the situation, 
military interventions produce the activation of the autonomic 
nervous system (ANS), initiating the flight-fight system 
involved in survival behaviors [2]. The stress produced by these 
extreme situations negatively impacts cognitive processes like 
memory, cortical arousal, decision-making, and information 
processing, reducing their normal functioning and even 
promoting the appearance of pathologies such as post-
traumatic disorder (PTSD) [3-5]. 

Several types of research have been carried out in the military 
population, especially in ground military units, and the results 
show how an acute stress exposition can lead the organism to 

a downregulation in cortical arousal and high activation of the 
Sympathetic Nervous System (SNS), and finally modifying the 
blood pressure (BP), heart rate (HR), cortisol hormones, 
cortical arousal (CFFT), skin temperature, subjective stress 
perception (SSP), and heart rate variability (HRV) among 
others [6-10]. In this line, aircrews and paratroopers 
researchers have shown an increase in the physiological 
response by the increase in cortisol hormones, an increase in 
sympathetic modulation, and a decrease in cortical arousal, 
which is a symptom of Central Nervous System (CNS) fatigue 
[1,5,6,11-15]. 

Another factor that can negatively affect stress response is the 
possibility of having an aircraft accident [16]. The survival of 
the aircrew depends extremely on their knowledge of 
underwater evacuation training and stress management, and 
little is known about the physical and mental requirements of 
this specific and demanding situation, but as some researchers 



 

289 

have demonstrated previously, the personal experience and 
professional training could modulate the stress experience and 
reduce the negative impact on the organism [2,4,11,13,15,17-
18]. For this reason, we conducted the present research to 
analyze and compare the psychophysiological stress response 
of crew members (4 crew members; 4 jump chiefs; 9 
paratroopers) and medical members (15 flight nurses and 4 
doctors) in an underwater evacuation training. We 
hypothesized that 1) the underwater evacuation training 
would increase the sympathetic autonomic modulation of the 
crew members, and 2) crew members would present a lower 
stress response. 

MATERIALS AND METHODS 

In the present work were analyzed 36 participants (39.06±9.01 
years), divided into two different groups; 17 crew members 
(38.6±7.2 years; 174.9±8.6 cm; 82.1±11.2 kg; 18.1±8.7 years of 
service; 14.9±13.4 months in mission; 357.9±366.9 flying 
hours) and 19 medical members (39.5±10.5 years; 173.6±6.14 
cm; 71.4±10.5 kg; 15.5±9.99 years of service; 11.5±15.3 
months in mission; 25.1±73.8 flying hours). The entire research 
procedure was conducted by soldiers with the standard flying 
suit and boots, portable oxygen cylinder, life vest, helmets, 
and earphones to simulate the equivalent operating 
equipment for this type of action. None of the participants had 
previous or recent experience in these underwater 
simulations. 

A pre-intervention-post intervention was conducted, analyzing 
the following psychological and physiological variables 
previous to and immediately after an underwater evacuation 
training. 

1. Rating of perceived exertion (RPE). Using Borg 6–20 scale 
[19]; 

2. Stress subjective perception (SSP) on a 1–100 scale [15]; 

3. Blood oxygen saturation (SatO2) and heart rate (HR) by a 
finger pulse-oximeter system (PO 30 Beurer Medical) [6]; 

4. Cortical arousal and fatigue of the central nervous system 
(CNS) were measured by the Lafayette Instrument critical 
flicker fusion threshold (CFFT) (Model 12.021) by the average 
of five incremental tests (20 to 100 Hz) according to previous 
authors [5,16]; 

5. Isometric handgrip strength (IHS) by a grip dynamometer 
using the dominant hand and taking the better result of two 
attempts (Takei Kiki Koyo, Japan); 

6. Spirometry: forced vital capacity (FVC), volume exhale at the 
end of the first second of forced expiration (FEV1) and the peak 
expiratory flow (PEF) using a QM-SP100 (Quirumed, Spain) 

spirometer in a maximum inhale-exhale cycle [5,16]; 

7. Short-term memory (STM). A three-digit number was shown 
to the participants for one second. After five seconds, they 
were asked to remember the number and to say it backward 
[16]; 

Finally, the heart rate (HR) and heart rate variability (HRV), 
which refers to the autonomic modulation, were recorded 
with a Polar V800 heart rate monitor with RR measurement 
function (POLAR. Finland) and posteriorly analyzed by the 
Kubios HRV standard 3.2.0 software (University of Kuopio, 
Kuopio, Finland). The parameters analyzed were: 

1. Temporal domain: mean HR; minimum HR (Min HR); 
maximum HR (Max HR); the square root of the mean value of 
all sums of square differences of all R-Rs following intervals 
(RMSSD); the percentage of differences between normal 
adjacent R-R intervals greater than 50 ms (pNN50); 

2. Frequency domain: low-frequency band (LF); high-
frequency band (HF); A ratio of low frequency to high 
frequency (Ratio LF/HF); 

3. Nonlinear domain: sensitivity of the short-term variability 
(SD1); sensitivity of the long-term variability (SD2). 

The underwater evacuation training was performed in a 
swimming pool in the following conditions: 4 × 4 × 3 swimming 
pool size (m); water characteristic: chlorine 2 (ppm); pH 7.5; 
turbidity values 0.13 (NTU); temperature: 26°C. The complete 
training was performed in the presence of two instructors and 
two water assistants. It was composed of four different stages, 
with a duration of 30 minutes each one, where the participants 
had to: 1) use a portable oxygen cylinder and carry out apnea 
training in several positions; 2) evacuate the submerged 
aircraft accident through the window; 3) rescue training of a 
raft and rescue training from a helicopter; and finally 4) 
underwater evacuation during the turning of a ship. 

Statistical analysis was performed with the SPSS 24.0 statistical 
program. The descriptive statistics used to report the results 
were the mean (M) ± standard deviation (SD). The normality of 
the sample was determined with the Kolmogorov-Smirnov 
test, and all the variables presented a parametric distribution. 
The repeated measures ANOVA was conducted to test 
differences in the evaluation moments analyzed. A T-test for 
independent variables was used to analyze differences 
between the two groups analyzed (crew and medical). The 
Effect Size was calculated by Cohen’s D. The significance level 
was P≤0.05. 

RESULTS 

The results were reported as M ± SD. SSP showed a significant 
increase in post-values of both crew and medical members 



 

290 

concerning the pre-values, being higher in crew members, but 
there were no significant differences in pre- or post-values 
between groups. RPE presented a significant difference in post 
values, being higher in crew members, and also showed a 
significant increase in post values of both groups in 
comparison with pre values. IHS showed a significant 

difference in pre-values between crew and medical responses, 
being higher in crew members. FVC showed only a significant 
increase in post values of crew members in comparison with 
pre-values of crew members. SatO2 showed a significant 
difference in post values of crew and medical members, being 
higher in crew members (Table 1). 

Table 1: Role comparison in pre-post variables 

Variables Role 

Pre Intervention Post Intervention 

M±SD 
Bilateral 

signification 
95% confidence 

interval M±SD 
Bilateral 

signification 
95% confidence 

interval 

P Inferior Superior P Inferior Superior 

SSP 
Crew member 16.2±20.9  

0.142 
 

-26.71 
 

4.01 

60.6±27.2 (0.000)  
0.358 

 
-9.70 

 
26.14 Medical member 27.5±24.1 52.4±25.2 (0.001) 

RPE 
Crew member 6.7±1.5  

0.075 
 

-0.07 
 

1.38 

13.7±2.9 (0.000)  
0.023 

 
0.32 

 
4.13 Medical member 6.1±0.2 11.4±2.7 (0.000) 

IHS (N) 
Crew member 50.9±11.4  

0.026 
 

1.17 
 

17.24 

50.4±10.7  
0.084 

 
-1.02 

 
15.53 Medical member 41.7±12.3 43.2±13.4 

FVC (ml) 
Crew member 4.4±0.8  

0.412 
 

-0.48 
 

1.13 

4.8±0.9 (0.047)  
0.374 

 
-0.36 

 
0.94 Medical member 4.1±1.4 4.5±1.0 

FEV1 (ml) 
Crew member 3.7±0.7  

0.464 
 

-0.47 
 

1.00 

3.8±0.7  
0.956 

 
-0.52 

 
0.55 Medical member 3.4±1.4 3.8±0.8 

PEF (ml) 
Crew member 9.8±1.8  

0.548 
 

-1.31 
 

2.42 

9.8±1.9  
0.705 

 
-1.27 

 
1.86 Medical member 9.3±3.4 9.5±2.6 

SatO2 (%) 
Crew member 95.9±1.9  

0.186 
 

-2.01 
 

0.41 

97.1±2.4  
0.040 

 
0.08 

 
3.30 Medical member 96.7±1.7 95.4±2.4 

HR (bpm) 
Crew member 81.5±14.2  

0.701 
 

-8.27 
 

12.17 

81.4±18.8  
0.401 

 
-7.15 

 
17.44 Medical member 79.6±15.8 76.3±17.5 

STM 
Crew member 1.0±0.0  

— 
 

— 
 

— 

1.0±0.0  
— 

 
— 

 
— Medical member 1.0±0.0 1.0±0.0 

CFFT (Hz) 
Crew member 39.9±3.9  

0.365 
 

-1.34 
 

3.55 

38.1±3.5  
0.840 

 
-2.29 

 
2.80 Medical member 38.8±3.4 37.8±3.9 

1(M) mean; (SD) standard deviation; (SSP) stress subjective perception; (RPE) rating of perceived exertion; (IHS) isometric hand strength; (FVC; FEV1; PEF) spirometry; 
(SatO2) blood oxygen saturation; (HR) heart rate; (STM) short term memory; (CFFT) cortical arousal. 

The mean HR of medical members presented the lowest value 
during the intervention and increased post-intervention, being 
higher than in crew members. Min HR presented similar values 
in both groups in pre- and during moments, but crew 
members' values were higher in post-intervention. Max HR of 
medical members was higher than crew members in all 
moments, during the intervention the highest. RMSSD 
presented similar values in both groups in the pre-moment; 
medical member values were higher during the intervention 
and decreased in post-intervention in comparison with crew 
members. 

Variable pNN50 presented in both groups an increase during 
the intervention, being higher in medical members than in 
crew members, and decreasing in post-intervention in both 
groups. LF showed high values in all moments in medical 
members, being higher in pre-moment than post-intervention, 

and decreasing during the intervention. HF presented higher 
values in crew members than in medical members pre- and 
during the intervention, being the highest value during the 
intervention, and decreasing post-intervention in both groups. 
LF/HF Ratio showed higher values in medical members than in 
crew members in pre- and during the intervention, being the 
highest value in the pre-moment, while crew members 
presented higher values in post-intervention. SD1 presented 
similar values in pre-intervention in both groups, being higher 
during intervention in medical members than in crew 
members and decreasing in post-intervention in comparison 
with crew members. 

SD2 presented higher values in all moments in medical 
members than in crew members, being the highest during the 
intervention and decreasing in both groups in post-
intervention in comparison with pre-momentum (Table 2). 
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Table 2: Role comparison in pre-, during, and post-HRV variables 

 
2(M) mean; (SD) standard deviation; (BS) bilateral signification; (IC) intermoment comparison; (Mean HR) mean heart rate; (Min HR) minimum heart rate; (Max HR) 
maximum heart rate; (RMSSD) square root of the mean of the sum of the squared differences between adjacent normal R-R intervals; (pNN50) percentage of 
differences between normal adjacent R-R intervals greater than 50 ms; (LF) low frequency; (HF) high frequency; (Ratio LF/HF) A ratio of low frequency to high 
frequency; (SD1; standards deviations of the scattergram 1; (SD2) standards deviations of the scattergram 2; (n.u) normalized unit. 
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DISCUSSION  

This study aimed to analyze and compare the 
psychophysiological stress response of crew members (4 crew 
members, 4 jump chiefs, 9 paratroopers) and medical 
members (15 flight nurses and 4 doctors) in an Underwater 
Evacuation Training. Hypothesis 1) was confirmed since 
underwater evacuation training increased the sympathetic 
autonomic modulation of crew members. Hypothesis 2) was 
not confirmed, since the stress response was similar in both 
crew member and medical member groups, independently of 
the professional role.  

The underwater evacuation training includes apnea periods, in 
which aircrew members have to deal with a lack of oxygen that 
produces a lower oxygen partial pressure in the alveolus and 
affects the oxygen that the arterial blood can deliver to the 
brain [20]. In both hypoxia and underwater training, the lack 
of oxygen impacts the RPE, although in underwater training 
SSP and SatO2 values are generally higher than those in 
hypoxia [3,21-24]. These results suggest that for underwater 
training, the exertion mechanism is produced by short acute 
periods of apnea instead of larger periods with progressively 
less oxygen partial pressure if compared to hypoxia training. 
IHS has also been previously studied in military aircrew with 
different results depending on the previous training and roles 
[3], which coincides with the pre-results of this study with 
aircrew members having more initial strength capacity than 
medical personnel. If we analyze the breath capacity, PEF, and 
FEV1 have traditionally been the most affected variables in 
contexts of sustained hypoxia as specific training in these 
conditions, special operation selection course, and 
maneuvers, or real flight conditions [1,3,14,15,26]. Whilst FVC 
was the most activated variable in underwater training: a 
constant need to store oxygen in the alveolus before an acute 
period of apnea activates the lunges to store more air as a 
physiological adaptation. Autonomic modulation has been 
previously evaluated in military aircrews by the HRV in 
contexts of hypoxia, finding an increased sympathetic 
autonomic modulation as expected, since the lack of oxygen 
acts as a stressor of the central nervous system [21,24,26,27]. 
Hypoxia symptoms have been previously studied in military 
crews through cortical arousal with different results: the 
decrease of oxygen saturation had a negative [27] or neutral 
[3] impact in cortex performance, which are similar results to 
those found in this study. 

The underwater evacuation training simulates an extreme 
situation in which aircrew and medical members first try to 
survive. This fact could be the reason the post measures were 
not different for each group, since the responses in these 
extremely hazardous situations tend to be maximal and could 
equal the response in both groups. This large stress response 

independently of the role was also measured in different 
military units in combat maneuvers where, contrary to the 
present study, there were changes in respiratory musculature, 
memory, and cortical activation [2,28-30]. Medical members 
had less RPE and SatO2 after the training, maybe because of 
shorter periods of physical activity during some maneuvers. 
The most expected difference was found in the measures 
before the training, where the aircrew members were able to 
develop more strength capacity due to their previous training, 
more oriented to physical fitness.  

Regarding the HRV analysis, we observed an increase in vagal 
tone (RMSSD, HF, HF/LF ratio, and SD2) of participants, a result 
probably due to the 2h training in the water and the possible 
induced hypothermia [31]. Increases in the HF values under 
these hypothermia conditions may reflect a reduced delay in 
baroreflex response, enabling lower resonant frequency in 
blood pressure and RR interval, which may be a consequence 
of temperature-mediated increase in peripheral sympathetic 
activity and myogenic reactivity due to increased vascular tone 
and transmural pressure caused by peripheral 
vasoconstriction to prevent heat dissipation [32]. LF/HF ratio 
is a controversial marker of sympathovagal balance, and is 
difficult to interpret due to the complexity of the origin of LF 
oscillations, along with the effects of varying breathing pattern 
on HF oscillations, which may present low accuracy and 
physiological confidence. However, it presents the same trend 
as RMSSD which is a stronger marker of cardiac vagal activity, 
independent of the breathing pattern, consequent with SD2 
values which reflect the long-term fluctuations of RR intervals, 
an inverse indicator of sympathetic activity. This autonomic 
response was similar to crew or medical members in the 
underwater evacuation training.  

The cardiovascular response measured was higher compared 
to the effort developed, mean HR among training is likely 
produced due to the shifts of blood volume from the periphery 
to the central circulation due to peripheral vasoconstriction 
and major cardiovascular output, to reduce heat loss and 
defend core body temperature by increasing the thickness of 
the insulative layer between the ambient air and perfused 
blood vessels [33]. The fact that HR response increased despite 
a likely augmented venous return highlights the fact that 
significant thermogenesis was occurring, requiring an 
increased HR to support the metabolic activity.  

When basal HRV values analyzed are compared to reference 
basal values [34], it suggests an anticipatory anxiety response, 
which may be explained as the training was an evaluative 
test/training for soldier's professional careers, in addition to 
the risk, demands, and specific implications of the training. 
This response is consequent with the pre-SSP values 
evaluated, showing the large stress of this eliciting training, in 
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line with other military operations such as underground 
combat, parachute jumps, urban combat, or even air combat 
jet maneuvers and disorientation training [2,6,13,14,31,35, 
36]. In addition, a reminiscence of the sympathetic activation 
produced by the training was found in the decrease of RMSSD 
or the increases in HR parameters, highlighting the 
psychophysiological demands of the task. 

Limitations of the study and future research lines 

The small number of subjects analyzed has been one of the 
main limitations of the present work. A greater number of 
participants would provide more reliable results. However, the 
difficulty of accomplishing these types of actions due to this 
complexity, hazard, and economic and human resources 
needed were a limiting factor. Another limitation was the use 
of indirect measurement instruments such as the fusion flicker 
system. Logistics and economic difficulties have limited the use 
of more modern systems, but the fact that the evaluations 
were conducted in a very limiting environment, made nearly 
impossible the use of other instruments such as 
electroencephalography. Finally, a lack of control of hormones 
such as alpha-amylase and cortisol to control the hormonal 
stress response. Future research might seek to address these 
issues. Given the importance of operational and specific 
training to allow better survival in air accidents in open water 
areas, further research should try to design an optimal 
stimulus and protocol to improve the habituation process. 

Practical applications 

The present study highlights the psychophysiological response 
of both crew and medical members undergoing underwater 
rescue training. This information leads us to a better 
understanding of the physiological and psychological stress 
response to this specific and demanding situation in which 
there is a life risk. The application of this information could 
contribute to a better design of underwater evacuation 

training and for both civil and military air personnel 
preparation. 

CONCLUSION 

We found that underwater evacuation training produced an 
anticipatory anxiety response, and an increase in autonomous 
sympathetic nervous system modulation not affecting 
strength capacities, cortical arousal, and memory 
independently of the aircraft role (medical or crew). 
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