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Introduction
Stress is a major event occurring during management of life-
threatening emergencies [1]. Furthermore excessive stress 
impairs performance [2]. Stressful situations lead to the 
activation of endocrine, nervous and immune systems, known 
as stress response [3]. Acute stress induces the hypothalamic 
pituitary adrenal (HPA) axis activity that generates cortisol 
secretion. Simulation-based education is commonly used to 
train multidisciplinary teams (MDTs) in the management of life-
threatening situations [4-6]. Stress has been reported during 

Salivary Cortisol Increases after One 
Immersive Simulation but the Repetition of 

Sessions does not Blunt it

Abstract
Objective: Simulated life-threatening medical emergencies generate stress that 
can be apprehended by measurement of salivary cortisol (SC). The aim of this 
study was to analyze SC level in multidisciplinary teams (MDTs) members during 
immersive simulation and to study its evolution over time with repetition of 
simulation sessions in all team members.

Methods: 48 participants constituted 12 Emergency Medical Service MDTs made 
up of 4 members each. Six MDTs underwent 9 simulations (experimental group) 
and 6 underwent 3 simulations over one year (control group). SC was assessed 
the day prior to simulation (T0), before simulation (T1), after simulation (T2) and 
after debriefing (T3). 1152 samples were analyzed by ELISA. Variation over time 
was analyzed using ANOVA for repeated measures. Mann-Whitney test was used 
for comparison between groups at two times and Kruskal-Wallis test was used 
to study stress response in the different status of teams. A p value <0.05 was 
considered significant.

Results: SC increased from 0.16 ± 0.12 (T0) to 0.26 ± 0.14 (T1). SC level continued 
to rise up to 0.39 ± 0.27 at T2 before decreasing to 0.21 ± 0.12 at T3, p<0.0001. 
SC increase was found in all team members with no status effect. SC level was not 
blunt after repetition of sessions regardless of the frequency of sessions. 

Conclusion: SC raised during immersive simulation and this variation was not 
blunt after repetition of simulation sessions. No status effect was found among 
the MDTs’ members. Future study should investigate on other markers of stress 
response and correlate them to team performance.

Trial registration: ClinicalTrials.gov registration number NCT02424890

Keywords: Salivary cortisol, Stress, Simulation-based education, Multidisciplinary 
team, Emergency

Received: April 19, 2016; Accepted: April 28, 2016; Published: May 04, 2016

simulation and assessed by various means [7-10]. HPA activity 
can be apprehended by the non-invasive measurement of 
salivary cortisol (SC) [11]. SC has been measured in a number of 
stress models [12] and used in simulation [13]. The underlying 
learning objective for using simulation-based education is that 
the repetition of simulations induces an increase in healthcare 
providers’ performance [14-16]. Therefore, because of the 
negative correlation described punctually between assessed 
stress and performance [2,17-21], one should expect a decrease 
in cortisol over time with a repetition of simulation sessions. 
However, SC, which was punctually used in simulation, has never 
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been assessed over time after repeated immersive simulations. 
Our hypothesis was that SC increased after immersive simulation 
and decreased after debriefing, but was blunt after a repetition of 
simulation sessions. The aim of the study was to analyze SC level 
during immersive simulation and to study its evolution over time 
with a repetition of simulation sessions.

Methods
Study
This single-center study took place in the Laboratory of Simulation-
INSERM (French national health and medical research institute) 
#1402, Faculty of Medicine, University of Poitiers, France. Here 
are reported the results of the analysis of biological stress 
during immersive simulations of a randomized controlled trial 
registered by ClinicalTrials.gov under the number NCT02424890 
(a WHO-approved primary registry) and published [22]. The study 
protocol, information form, and consent form were approved by 
the Comité de Protection des Personnes III de la region Ouest. All 
data were kept anonymous.

Objectives
The primary objective was to evaluate SC during an immersive 
simulation session. Secondary objectives were to assess variation 
of SC level with a repetition of simulation sessions over 1 year and 
to compare these variations between two rhythms of sessions 
(every 6 weeks versus every 6 months) in all team members.

Participants
Twelve emergency multidisciplinary teams (MDTs) of 4 persons 
who usually constitute the French Emergency Medical Service 
(EMS) teams were enrolled from the Poitou-Charentes region 
(France). Each MDT was made up of an emergency physician (EP), 
a resident (PGY), a nurse (RN), and an ambulance driver (AD). 
All of them had to have less than 7 years of experience in order 
to minimize inter-individual variability of stress response which 
had been described to be linked with competencies [23]. Non-
inclusion criteria were pregnancy, any disease that could induce 
modifications related to stress, or worsen in relation to stress and/
or psychiatric disease modifying stress response, treatment with 
medication having a potential effect on stress parameters like 
steroids or hormone replacement therapy. Recruitment, inclusion 
and exclusion criteria, and randomization were detailed in the 
study protocol [22]. Among the 48 participants, 26 were males 
(54.2%) and 22 females (45.8%). The mean age (M ± SD) was 32 ± 
9 years for EP, 29 ± 8 years for PGY, 42 ± 13 years for RN, and 47 ± 
16 f years or AD. Paramedics had exercised in other departments 
(critical care units or emergency) before joining the EMS unlike 
medical staff. Therefore, there was an age difference for a same 
level of experience. Randomization assumed that demographic 
characteristics of participants were equally distributed in each 
group. Experience (M ± SD) was 4.2 ± 1.9 for EP, 4.8 ± 2.4 for RN, 
5.8 ± 0.75 for AD in experimental group and 4.5 ± 2.16 for EP, 5.5 
± 1.4 for RN, 5.3 ± 1.9 for AD in control group. In both groups PGYs 
had less than one year of experience.

Intervention
Six MDTs constituted the experimental group to undertake 
9 simulation sessions over 1 year (every 6 weeks) and 6 MDTs 
represented the control group planned for 3 simulation sessions 
over 1 year (every 6 months). 

The model of stress used during the simulations was a pediatric 
life-threatening condition, i.e. shock in an infant requiring an 
intraosseous access insertion. The rationale for this choice 
relied on the fact that this model was considered as the most 
stressful, for different reasons: 1) Pediatric emergencies are less 
frequent than adults ones; 2) It is most of the time emergency 
physicians who take care of pediatric emergencies in France 
(except in tertiary hospitals where specific pediatric emergency 
departments exist) and their approach to pediatric emergencies 
is very often only didactic; 3) In France, medical assistance for 
out-of-hospital pediatric emergencies is provided by emergency 
physicians as leaders of emergency medical service teams.

In the present study, nine different scenarios were used: 4 with 
hypovolemic shocks, 2 with cardiogenic shocks, 1 hemorrhagic 
shock in severe trauma, 1 anaphylactic shock, and 1 septic shock. 
The high-fidelity simulation used a mannequin (SimNewB*, 
Laerdal®), and scenarios were played in a simulated crash room 
(with all the equipment) in the Simulation Laboratory of Poitiers. 
Details of content of sessions and their structure were described 
in the study protocol [22]. 

Endpoints
Sampling
All sessions were scheduled the same day of the week at 
2:00pm because of the circadian cycle of cortisol. In fact, SC 
has a physiologic rhythm in normal individuals without HPA 
axis diseases [24] with a peak in the morning followed by a 
decrease over the day. The lowest level is reached at midnight 
before gradually increasing until morning [25]. After the onset 
of stressors, cortisol level peaks at 30-40 minutes [26]. Because 
of the SC concentrations variation, cortisol reactivity to stressful 
situations can differ according to time of the day [27,28]. So SC 
should be measured at similar times during the day to avoid 
potential confounding effects from inter- and intra-individual 
differences in the diurnal pattern of cortisol secretion [29]. This 
is the reason why, on each session, SC level was assessed at 4 
different times: the day prior to the simulation between 15:00 
and 16:00 (T0), before the simulation at 14:00 (T1), after the 
simulation at 15:00 (T2), and after the debriefing at 15:45 (T3). 
SC variation between the four times (T0, T1, T2, and T3) was 
compared during the 9 simulations of the experimental group. SC 
variation was also compared between experimental group and 
control group during the initial, intermediate and final simulation. 
A status effect was also tested both on SC and SC variations.

Serum cortisol determinations
SC samples were collected with a minimum of 0.5 mL of saliva 
after making sure that there were no oral inflammatory diseases. 
The participants did not eat, drink, chew gum, smoke, or brush 
teeth for the 30 min, and rinse mouth 5 min before sampling. 
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Method of enzyme-linked immunosorbent assay (ELISA) [30] with 
an ELISA kit (IBL international®, Hamburg, Germany) was used. 
Stored and frozen (at -20C) saliva samples were thawed, mixed 
and centrifuged 10 min at 2000-3000 × g to remove particulate 
material. Fifty microliters of each standard, control and sample 
were pipetted with 100 µL of enzyme conjugate. After 2 hours 
incubation at 20°C on an orbital shaker at 500 rpm, they were 
tested with 100 µL of TMB (3,3',5,5'-tetramethylbenzidine) 
substrate in a standard procedure described by IBL. The substrate 
reaction was stopped after 30 min incubation in the same 
conditions. Seven standards and two controls in ranges from 0.00-
4.00 µg/dL were used in the assay. Then, the microtitter plate was 
immediately read at 450 nm with checking the calibration curve 
[31]. All kit controls were found within the acceptable ranges as 
stated on the labels and the QC certificate. SC was given in µg/dL 
and relative variation of SC over time was calculated to adjust for 
SC inter-individual variability.

Statistics
All data were analyzed with Statview version 4.5 (SAS Institute Inc., 
Cary, NC). SC was described as mean and standard deviation (M ± 
SD) and relative variation (RV) between 2 times was calculated as 
((final score-initial score)/initial score). Mann-Whitney test was 
used for comparison of SC and RV of SC between groups at two 
times. Kruskal-Wallis test was used for comparison of experience 
level, and SC between the 4 status (EP, PGY, RS, and AD) in each 
group and the whole population during common scenarios. 
RV of stress over time was analyzed using ANOVA for repeated 
measures, followed by a post-hoc analysis using Scheffe’s test in 
case of significance. A p value <0.05 was considered significant.

Results
Primary objective
SC assessment during immersive simulation demonstrated the 
existence of stress. SC evolution is shown on Figure 1. SC increased 
from 0.16 ± 0.12 at T0 to 0.26 ± 0.14 at T1, and continued to rise 
up to 0.39 ± 0.27 at T2 before decreasing to 0.21 ± 0.12 at T3, 
p<0.0001.

Secondary objectives
SC variation over time: In the experimental group (in which 9 
simulation sessions were carried out), there was a significant 
decrease in relative variation of SC between T3 and T0 (p=0.033) 
(Figure 2). But there was no significant difference with an a 
posteriori test.

SC variation according to group allocation: There was no 
difference of SC level as well as its relative variation between 
experimental group leading 9 simulation sessions and the control 
group leading 3 simulation sessions during initial, 6-month 
(intermediate) and 12-month (final) sessions (Table 1). 

SC variation according to status of the participants: There was 
neither difference in SC absolute level nor in relative variation 
during simulation according to the status in MDTs except at T1 at 
the intermediate session (p=0.04); this difference was between 
EP and RN according to the post-hoc test (p=0.02) (Figure 3).

Discussion
Main results
In an immersive simulation protocol about life-threatening 
situations where 12 MDTs (48 participants) animated a total of 72 
simulation sessions, SC increased during the simulation scenario 
and decreased after the debriefing without returning to baseline. 
Furthermore, after the repetition of simulation sessions, this 
concomitant increase in SC level with simulation was not blunt. 
Stress response was similar regardless of the status of the 
members of the MDTs, except in one session.

Limitations
We are aware of the limitations of this study. The real difficulty was 
the respect of time-schedule for fitting with the cortisol circadian 
rhythm. All simulations were conducted at the same time to 
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Figure 1 Salivary cortisol (µg/dL) assessment during 
immersive simulation.
T0: the day prior to the simulation between 15:00 
and 16:00; T1: before simulation at 14:00; T2: after 
simulation at 15:00; T3: after debriefing at 15:45.
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Figure 2 Relative-variation of SC over time between baseline 
and the end of debriefing.
S1 to S9: simulation sessions from the 1st to the 9th.
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limit this effect. Another problem was the impact of life events 
on cortisol level independently of simulations. Conditions of 
recruitment in the study protocol included the obligation to be off 
working the day before the simulation and to have slept the night 
before. Moreover, participants should not have any exceptional, 
unusual or physical activity in the morning of the simulation. 
Gender difference impacts cortisol level [32], but randomization 
with similar distribution between males and females in the whole 
population and in each group limited this factor. Finally, there was 
an inter-individual heterogeneity of SC level with difficulty for 
results interpretation. However, this heterogeneity was limited 
by comparison of relative variation of SC concomitant of analysis 
of SC level. Because of this heterogeneity and the number of 
participants, status effect could only be analyzed on the common 
sessions. 

Discussion about the primary objective
Differences in age did not interfere with stress level in adults 
[33] unlike experience of caregivers [34]. McGraw showed that 
older nurses were more likely to show a larger salivary amylase 

stress response than younger nurses but age did not impact SC 
[32]. Thus, despite the presence of an older group (IDE, AD) in 
the present study, analysis of biological stress was possible as 
well as comparisons among MDTs. SC and its relative variation 
increased after simulation scenario has been acted as suggested 
in high-fidelity simulation [7-10] and decreased after debriefing 
[35]. Debriefing using the good-judgment debriefing technique 
[36] could induce a lowering level of SC. However, SC remained 
higher than baseline at the end of debriefing. In a recent study, 
decreasing kinetics of salivary biomarkers of stress appeared 
different after a stressful scenario. SC remained elevated 30 min 
after the debriefing whereas salivary amylase (which depends 
on the activation of the autonomic nervous system-ANS) had 
already reached baseline [32]. Therefore, SC reflecting HPA axis 
could be associated to other stress pathways (ANS) to investigate 
stress pattern after debriefing.

Discussion about secondary objectives
Surprisingly SC remained high after each simulation and stable over 
time regardless of the frequency of sessions. On the one hand there 

SC
Initial session Intermediate session Final session

Experimental 
group Control group p Experimental        

group Control group p Experimental        
group Control group p

T0 0.14 (0.08) 0.15 (0.11) 0.51 0.14 (0.09) 0.14 (0.10) 0.92 0.16 (0.11) 0.21 (0.13) 0.21
T1 0.27 (0.14) 0.28 (0.14) 0.89 0.23 (0.10) 0.26 (0.10) 0.48 0.26 (0.13) 0.27 (0.13) 0.68
T2 0.38 (0.29) 0.33 (0.18) 0.97 0.37 (0.18) 0.46 (0.23) 0.13 0.43 (0.23) 0.51 (0.37) 0.86
T3 0.26 (0.20) 0.23 (0.10) 0.74 0.20 (0.11) 0.21 (0.10) 0.45 0.21 (0.10) 0.24 (0.14) 0.68
RV T1, T0 4.96 (7.88) 1.49 (2.41) 0.24 1.58 (2.69) 2.27 (4.12) 0.80 1.12 (1.62) 0.74 (1.12) 0.48
RV T2, T0 6.39 (10.55) 1.79 (1.95) 0.34 3.58 (5.28) 5.01 (7.06) 0.36 2.53 (3.40) 1.94 (2.25) 0.62
RV T3, T0 2.61 (4.44) 0.95 (1.31) 0.63 1.12 (0.39) 1.69 (0.74) 0.97 0.65 (0.25) 0.45 (0.19) 0.55
RV T2, T1 0.43 (0.91) 0.49 (1.13) 0.85 0.61 (0.53) 0.98 (0.95) 0.36 0.68 (0.58) 1.16 (1.32) 0.89
RV T3, T1 0.04 (0.89) 0.04 (0.71) 0.99 -0.12 (0.04) -0.20 (0.08) 0.70 -0.11 (0.08) -0.06 (0.10) 0.90
RV T3, T2 -0.30 (0.17) -0.27 (0.19) 0.59 -0.43 (0.26) -0.51 (0.22) 0.35 -0.45 (0.24) -0.44 (0.26) 0.67
RV: relative variation; SC: salivary cortisol; T0: baseline; T1: pre-simulation time; T2: post-simulation time; T3: post-debriefing time.

Table 1 Means (SDs) for SC and relative variation over time between experimental and control group
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Figure 3 Salivary cortisol (µg/dL) according to status of the participants during the intermediate session.
*: p<0.05; AD: ambulance driver; EP: emergency physician; PGY: resident; RN:  registered nurse; T0 : the day prior to the simulation 
between 15:00 and 16:00; T1: before simulation at 14:00; T2: after simulation at 15:00; T3: after debriefing at 15:45.
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is a well-known relationship between stress and performance, 
and excessive stress impairs performance [2,20,32,37,38]. On the 
other hand, systematic MDTs training improves performance [39], 
patients’ safety [40], and MDT’s management of life-threatening 
emergencies [41,42]. Our hypothesis was that stress response 
declined over time with the repetition of sessions. Results 
showed there was no variation of SC over time regardless of the 
frequency of simulation sessions. Consequently, these findings 
suggest that stress response is multifactorial and depends on 
multiple pathways. Stress response can be explored with multiple 
components [43], according to the physiological axes of stress. In 
other words, HPA axis (leading to the increase in cortisol) seems 
to be a physiological response to simulated life-threatening 
events, whereas management of events might depend on the 
other axes (ANS, and immune systems) [44] or psychological 
stress [19,45]. Therefore, it could be of interest to consider stress 
markers of HPA, ANS, and psychological stress pathways not as 
competitive markers (and choose between them as equivalent 
markers), but as complementary ones. Their association could 
provide a comprehensive assessment of a complex response to 
an event where change in actions, behaviors, and communication 
take place within a MDT in a short period of time, for the optimal 
management of the simulated patient.

Moreover, a trend in decrease over time (p<0.05 for ANOVA, 
but not with an a posteriori test of Scheffe used because of a 
large SD) could also signify that the repetition of simulation 
sessions did have an impact on SC level, but not sufficiently 
to be detected. However, in the present study there was no 
difference between experimental and control group. Therefore, 
it would be interesting to repeat the experiment with simulation 
sessions more frequently in the experimental group, and with an 
assessment of other stress markers. 

In our study, all participants-regardless of their status-expressed 
the same stress response except at the pre-simulation time during 
the intermediate session. There was no difference between the 
leader (EP) and team members. Similar stress response in MDT’s 
members was previously reported [29,46]. Events may affect 
differently team members but impact all the team depending 
on the interaction between themselves [29]. Therefore, stress 
response should be apprehended in all members without 
focusing on the team leader. An evaluation of the leadership and 
communication within the team would be an interesting element 
to fully interpret SC variations among MDT’s members.

Finally, we showed that the use of SC as sole stress marker, could 
only reveal a suspected elevation during the simulation scenario. 
It never returned to baseline after debriefing. After the repetition 
of simulations, there was no time effect, no group effect, and no 
status effect. For further investigations on stress during simulation 
sessions, we suggest to use an association of markers exploring 

the different axes of stress-HPA, ANS, and psychological to fully 
comprehend the impact of stress on the medical emergency 
MDT’s management.

Conclusion
In an immersive simulation study including 72 MDTs simulation 
sessions, SC increased during a high-fidelity simulation of life-
threatening events and decreased after the debriefing without 
returning to the baseline level. Contrary to our hypothesis, this 
SC variation was not blunt after the repetition of simulation 
sessions. No status effect was found among the MDTs’ members. 
It might represent an adaptive team management of high-stakes 
situations. These results are highly important, showing that SC 
alone cannot reflect a complete approach of a stressful event. 
Future studies should investigate on the other axes of stress 
response (ANS and psychological), and correlate stress markers 
to team performance.
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