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Abstract
Objective: The present study aimed at investigating the in�uence of personality on both anticipatory
stress vulnerability and effectiveness of coping strategies in a real-life context.

Methods: Following assessment of individual personality traits (Big Five Inventory), 147 volunteers were
exposed to the anticipation of a stressful event. Anxiety and cardiac reactivity were assessed as markers
of vulnerability to anticipatory stress. Then, participants were randomly assigned to three groups and
subjected to a 5-min intervention: relaxing breathing, relaxing breathing combined with cardiac
biofeedback, and control. The effectiveness of coping interventions was determined through the cardiac
coherence score achieved during the intervention.

Results. Higher neuroticism was associated with higher anticipatory stress vulnerability, whereas lower
conscientiousness and extraversion were related to lower anticipatory stress vulnerability. Relaxing
breathing and biofeedback coping interventions contributed to improve the cardiac coherence in all
participants, albeit with greater effectiveness in individuals presenting higher score of openness to
experience.

Conclusions. The present �ndings demonstrated that personality traits are related to both anticipatory
stress vulnerability and effectiveness of coping interventions. These results bring new insights into
practical guidelines for stress prevention by considering personality traits. Speci�c practical applications
for health professionals, who are likely to manage stressful situations daily are discussed.

Introduction
Stress vulnerability refers to the established predisposition of some individuals to have an elevated
psychophysiological response to stressful stimuli. Stress vulnerability has many immediate effects, such
as decreased wellbeing and increased risks of incidents, as well as long-term deleterious consequences
(e.g., development of mental and cardiovascular disorders) 1–4. Determining factors, such as personality
traits, that may affect stress vulnerability is necessary to reduce these risks and promote individualized
stress management training. Personality is re�ected in set of patterns of thoughts, feelings and actions 5.
The widely used Five Factor Model allows characterization of personality into �ve traits: neuroticism,
extraversion, agreeableness, conscientiousness and openness to experiences 6. Personality traits have
been repeatedly associated with many psychophysiological markers of stress (e.g., cardiac reactivity,
cortisol secretion, psychological stress) 7–15. Neuroticism has been repeatedly linked to an increase in
negative emotions and related physiological responses such as increased heart rate, cortisol reactivity
and amygdala activity during a stressful event 13,15,16. By contrast, extraversion and openness have both
been associated with lower levels of subjective stress, lower cardiovascular reactivities and reduced
cortisol secretions 7,9,15. Findings for the conscientiousness trait remain inconclusive, being neither
advantageous or disadvantageous in a stressful situation, while agreeableness remains, so far, less
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explored 7,13. Based on these results, neuroticism is associated with higher stress vulnerability, while
openness and extraversion seem associated with reduced vulnerability (i.e. higher resilience).

Most of the investigations in the domain of stress evaluated the in�uence of personality during
confrontation with a standardized laboratory stressor, limiting the generalisation of results to real-life
stressors. Indeed, most paradigms used stereotypical stressors such as a mental arithmetic task, the
Stroop task, an anger recall, or the Trier Social Stress Test, which do not optimally represent stressors
typically encountered in everyday life 7,9,15. Nowadays, ecological studies are crucial to understand in
greater details the relationship between individual characteristics and vulnerability to real stressors.
Recent advances made it possible to overcome the limitations of standard laboratory tasks by
implementing virtual reality or high-�delity stimulations. Simulation environments enable situations still
closer to real-life along with experimental control, hence allowing investigation of the direct effects of
stress on professional performance 17, 18, 19, 20 21, 22. Simulation studies usually focus on urgent and
critical professional situations, such as the management of critical care for anaesthetists 20, 21, 22. These
simulations remain indispensable for training anesthesiology residents to practice in one of the most
stressful medical professions 23.

In many daily-life contexts, stressful situations can be detected before the occurrence of the actual
stressor. The stress anticipation induces immediate psychophysiological responses and in�uences the
following acute stress response 24,25,26, 27, 28. Interestingly, the period of stress anticipation offers a
window of opportunity to bene�t from a preventive coping intervention 20,24,25. Several and various
coping techniques including relaxing breathing, cerebral stimulation, or biofeedback have been explored
to manage threat, harm, or stress 20,24,25,29,30. Among these interventions, relaxing breathing appeared the
most robust option for managing stress reactivity, due to its cost-effective nature and its ease of
implementation in almost all stressful situations 20. When paired with cardiac biofeedback, relaxing
breathing resulted in a signi�cant reduction of psychophysiological stress markers notably during
anticipatory stress 20,24,25,31, 32,33,34.

Successful management of anticipatory stress may depend on the interaction between individuals’
characteristics and the implemented coping intervention. Previous studies revealed that personality traits
are likely to modulate the effectiveness of coping methods such as biofeedback, brain stimulation,
muscle relaxation, or meditation 30,35,36,37. But to date, no study has investigated the moderating role of
personality traits in the effectiveness of relaxing breathing and cardiac biofeedback, which are well
recognized as e�cient coping intervention. Determining in greater detail the relationship between
personality and coping intervention effectiveness may allow design of relevant and individualized
programs for the prevention of stress related disorders.

The present study therefore aimed to explore the association between personality traits and both
anticipatory stress vulnerability and coping intervention effectiveness using a reliable paradigm. We
hypothesized that higher neuroticism and lower extraversion traits may be related to anticipatory stress
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vulnerability. We further expected that personality would in�uence the effectiveness of relaxing breathing,
paired or not with a cardiac biofeedback intervention.

Materials And Methods

1. Participants
A total of 147 participants voluntarily took part in this experiment (42 women, 26.8 ±  2.3 years old).
Volunteers were recruited during their training in critical care scenarios at the medical simulation centre of
Lyon University during the academic year 2019–2020. Participants were all anaesthesia and critical care
residents (from the �rst to the �fth year). Four investigators provided information about the study,
collected written individual informed consent, and enrolled participants. The study was approved by the
Institutional Review Board of Claude Bernard University Lyon 1 (Lyon, France, IRB 2019070903) and
informed written consent was obtained from each participant prior inclusion. All experiments were
performed in accordance with the Declaration of Helsinki.

2. Personality
At the beginning of the experiment, all participants �lled-out a demographic questionnaire and the French
validated version of the Big Five Inventory (BFI-fr) 38. The BFI contains 45 items assessing openness to
experience, conscientiousness, extraversion, agreeableness and neuroticism (Table 1). Each item
assesses agreement or disagreement with descriptive statements on a 5-point Likert scale ranging from 1
(strongly disagree) to 5 (strongly agree). For each of the �ve personality traits, a mean was determined. In
this study, the personality traits had a good internal consistency and scale reliability [conscientiousness
(Cronbach α = 0.77), extraversion (α = 0.88), openness to experience (α = 0.56), neuroticism (α = 0.84), and
agreeableness (α = 0.78)]. 

 
Table 1

Table of de�nitions of the �ve personality traits.
Openness to
experience

Being creative and open-minded Tendency to be curious and
unconventional

Conscientiousness Being organized and responsible Tendency to self-discipline and
responsibility

Extraversion Being sociable and
energetic/active

Tendency to experience positive emotions
and to be sociable

Agreeableness Having compassion and
willingness to cooperate

Tendency to be trusting and cooperative

Neuroticism Being emotionally unstable Tendency to experience distress and
negative emotions
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3. Paradigm
All participants performed a high-�delity simulation that was divided into �ve periods: scenario brie�ng (2
min, anticipation), coping intervention (5 min, coping), the stressful critical care scenario (15 min),
personalized debrie�ng (15 min), and a �nal resting state period during which a collective debrie�ng
occurred (15 min, basal). The present study focused on the anticipation and coping periods (Fig. 1)

4. Anticipation period
To assess psychological anticipatory stress, all participants �lled out the State Anxiety Inventory form A
(STAI-Y) 39,40. Then, during the two minutes of the brie�ng, each participant received information on the
scenario in which he/she would be involved. The high-�delity simulation reproduces professional critical
clinical situations through realistic scenarios chosen to �t to the expected competency level of residents.

To determine physiological anticipatory stress, a score of cardiac reactivity was computed (mean heart
rate during anticipation minus mean heart rate basal) for each resident; a high score re�ected high
physiological stress 11. Means were extracted from the continuous monitoring of cardiac activity
(HexoskinTM, Carre Technologies Inc, Montreal, Quebec, Canada).

5. Coping period
Following the brie�ng, participants were randomly assigned to one of the three 5-min interventions.
Participants in the relaxing breathing group (Relaxing breathing) performed standardized relaxing
breathing at 6 breaths/min with the help of a visual breathing cursor (Fig. 2, left part). Participants in the
cardiac biofeedback group (biofeedback) performed the same breathing exercise, while visualizing
information on their instantaneous heart rate (beats/min) and scores of cardiac coherence (Fig. 2, left
and right) (emWavePRO® interface, HeartMath technologies, Add Heart®). Participants in the control
group (control) performed a common professional activity (i.e. reviewed laboratory test results). The
duration of the intervention (5 min.) was chosen as this remains more easily applicable in numerous
daily-life contexts where time-constraints are important and is su�cient to reduce psychological stress 20.

An ear pulse sensor was attached to all participants to record the cardiac activity at 370 Hz (HeartMath
technologies, Add Heart®). The cardiac coherence score was computed as (Peak Power/[Total Power –
Peak Power]) on a min-by-min basis 41,42. As a high cardiac coherence score has been associated with
increased positive emotional regulation 25,43,44, the score achieved during the intervention was used to
determine individual coping ability, with high scores corresponding to e�cient physiological stress
coping.

6. Statistical analysis
Linear regression analysis was used to predict psychological anticipatory stress (STAI-Y), cardiac
reactivity, and cardiac coherence by personality trait. Each personality trait was analysed separately and
all models controlled for gender, age, weight, height, amount of sport practiced per week and level of
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education. In the case of cardiac coherence, the interaction term (trait X group) was considered.
Statistical analyses were performed with R studio version 1.2.1335 (R Foundation, Vienna, Austria). For
all regression models, the β (i.e., estimate the effect on the outcome of each 1-unit increase in the
independent variable) and the adjusted coe�cients R2 (i.e., percentage of variance explained) were
provided. Normality of residuals of the models were checked. Inclusions for analyses are shown in the
study �owchart (Fig. 3).

Results

Cohort characteristics
Participants’ demographic and psychometric parameters are presented in Table 2. 

 
Table 2

Participants demographical and psychometric
parameters (n = 147).

  Mean ± SD or %

Demographic parameters  

Age (years old) 26.8 ± 2.3

Weight (kg) 69 ± 11

Size (cm) 175 ± 8

Sports per week (hours) 3.51 ± 2.54

Females (%) 28.57%

Psychometric parameters  

Openness (score) 3.32 ± 0.54

Conscientiousness (score) 3.75 ± 0.58

Extraversion (score) 3.08 ± 0.86

Agreeableness (score) 4.14 ± 0.53

Neuroticism (score) 2.77 ± 0.78

Personality and anticipatory stress vulnerability
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A high score for conscientiousness was associated with a lower level of psychological anticipatory stress
(β = -3.30, P = .036). A high score for extraversion was associated with a lower level of
psychophysiological anticipatory stress (β = -3.53, P = .002; β = -2.94, P = .029). Finally, a high neuroticism
score was associated with a higher level of psychophysiological anticipatory stress (β = 8.12, P < .001, β = 
3.41, P = .036) (Table 3, Fig. 4). 

 
Table 3

Adjusted regression models for each personality trait and anticipatory stress (STAI-Y and cardiac
reactivity) (n = 120). Signi�cant relationships of the model analyses are in bold. SE is the standard error.

STAI-Y = State Anxiety Inventory.

    β SE P Adjusted R2

STAI-Y

(Psychological anticipatory stress)

Openness -3.081 1.691 .071 .046

Conscientiousness -3.304 1.558 .036 .056

Extraversion -3.526 1.111 .002 .097

Agreeableness -0.841 1.775 .636 .023

Neuroticism 8.116 1.062 < .001 .346

Cardiac reactivity

(Physiological anticipatory stress)

Openness -1.377 2.021 .497 − .002

Conscientiousness -1.485 1.893 .435 − .001

Extraversion -2.937 1.329 .029 .036

Agreeableness 3.661 2.056 .078 .022

Neuroticism 3.412 1.611 .036 .033

Personality and coping intervention effectiveness
Compared to the control, both the relaxing breathing and biofeedback induced an increase in cardiac
coherence during the coping period (Fig. 5A). Higher score of openness was associated with a greater
score of cardiac coherence in both relaxing breathing (β = 65.13, P = .010) and biofeedback (β = 44.74, P 
= .038) groups, while no relationship was found in the control group (β = 32.61, P = .153). No other
personality traits were associated with the score for cardiac coherence (Table 4, Fig. 5B). 
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Table 4
Adjusted regression models for each personality trait and cardiac coherence (n = 118). Signi�cant

relationships of the model analyses are in bold. SE is the standard error.

      β SE P Adjusted
R2

Cardiac
coherence

score

Openness Trait -13.84 15.85 .385 .633

Relaxing breathing -97.96 82.87 .240

Biofeedback 3.79 72.40 .958

Trait x Relaxing
breathing

65.13 24.98 .010

Trait x
Biofeedback

44.74 21.27 .038

  Trait -2.77 15.55 .859 .608

  Relaxing breathing 44.39 83.12 .594

Conscientiousness Biofeedback 273.91 86.28 .002

  Trait x Relaxing
breathing

18.30 21.98 .407

  Trait x
Biofeedback

-32.62 22.68 .153

  Trait -5.691 10.33 .583 .599

  Relaxing breathing 109.00 47.49 .024

Extraversion Biofeedback 78.07 49.85 .120

  Trait x Relaxing
breathing

0.85 15.25 .956

  Trait x
Biofeedback

24.19 15.57 .123

  Trait -4.23 21.17 .842 .615

  Relaxing breathing 245.22 107.30 .024

Agreeableness Biofeedback 224.86 123.51 .071

  Trait x Relaxing
breathing

-32.99 25.93 .206

  Trait x
Biofeedback

-16.67 29.23 .570

  Trait -1.08 12.90 .933 .590

  Relaxing breathing 91.37 49.02 .065
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      β SE P Adjusted
R2

Neuroticism Biofeedback 166.51 46.23 < .001

  Trait x Relaxing
breathing

7.75 17.40 .657

  Trait x
Biofeedback

-4.98 16.27 .760

Discussion
The aim of this research was to determine the in�uence of personality traits on the anticipatory stress
vulnerability and effectiveness of preventive coping intervention in a real-life stressful context. Results
showed that individuals with high scores of neuroticism’s (N+), low scores of conscientiousness (C−), or
low scores of extraversions (E−) exhibited elevated anticipatory stress markers. Interestingly, openness
was found to positively predict the effectiveness of relaxing breathing and biofeedback coping
interventions.

As expected, results revealed that neuroticism was associated with worsened anticipatory stress
vulnerability (i.e., N− resilience, N+ vulnerability). Accordingly, higher neuroticism score predicted elevated
psychological and physiological anticipatory stress responses. Neuroticism is a higher-order personality
trait that accounts for a tendency to experience emotional instability, distress and negative emotions
45,46. We postulated that these tendencies led to a greater level of subjective stress, which in turn is
manifested by elevated cardiac reactivity. Others studies found that N+ is linked to an increase of
vulnerability during the confrontation with the stressor 13,15,16 and with the long-term development of
stress related-pathologies (e.g., burnout, depression) 47. Present results therefore represent a new step in
the overall understanding of the relationships between neuroticism and vulnerability with early stress
anticipation, acute stress and mental disorders.

Our �ndings also revealed that extraversion was inversely associated with anticipatory stress (i.e., E−

vulnerability, E + resilience). Lower scores for extraversion predicted elevated psychological and
physiological anticipatory stress responses. This result is consistent with previous �ndings reporting
higher subjective stress and cortisol level in E− individuals during the confrontation with a standardized
stressor (mental arithmetic, anger recall, Trier Social Stress Test) 9,10,15. Extraversion is a higher-order
personality trait that accounts for an individual’s tendency to experience positive emotions and to be
sociable 45,46. In our experiment, we hypothesized that the tendency to experience positive emotion
induced a more positive perception of the situation, which turns into a lower level of psychophysiological
stress. It is also possible that the tendency to be sociable resulted in a lowering of general anxiety and
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speci�c anticipatory stress. Indeed, social support is one of the main strategies used for coping or
regulating cognition in response to stressors, as assessed by the Brief Cope Scale Inventory (social
support, avoidance, positive thinking, problem solving) 48.

While not predicted, our results also showed that consciousness was negatively associated with
psychological anticipatory stress (i.e., C− vulnerability, C+ resilience). Literature reveals that individuals
with a higher conscientiousness trait use problem-focused coping methods 49,50,51. In the present work,
the stressful situation was a multimodal complex task, where a high level of competence was required to
succeed. It seems likely that C+ individuals focusing on problem-solving may have the higher level of
theorical resources necessary to deal with certain aspects of the critical situation. Similarly, C+ individuals
have an increased tendency to self-discipline and responsibility 45,46. As an explanatory track, we
hypothesized that a high-level of self-discipline might contribute to lowered levels of anticipatory stress
notably by allowing individuals to have control over the situation. Taken together, our results revealed that
individuals with a high neuroticism trait, and/or a low extraversion or consciousness trait, are the most
vulnerable to an ecological anticipatory stress, and con�rm the importance for assessing these traits for
understanding stress responses.

For the �rst time, this study evaluated the in�uence of personality traits on the effectiveness of relaxing
breathing and cardiac biofeedback interventions. Our data revealed that individuals with high scores of
openness (O+) achieved better cardiac coherence scores. This is in agreement with Peciuliene and
collaborators (2015) who found that individuals with high openness scores presented more physiological
bene�ts (i.e., lowering physiological arousal) following biofeedback training based on skin conductance
30. Others studies further revealed that openness was positively associated with perceived coping ability,
notably during a stressful event, and greater level of control over the task 7,52. As both coping
interventions tested here relied on breathing-control, it seems possible that the openness trait led to more
effective practice of these new exercises, which in turn resulted in e�cient stress reduction 53.
Furthermore, individuals with high openness trait are curious by nature 45,46, which might make them
spontaneously more interested in trying a new exercise. Future studies exploring various interventions are
necessary to determine which technique is the most e�cient coping method for N+, E− and C− individuals.
Previous �ndings suggested that stress reduction through meditation is a promising alternative for N+

individuals 36, while cerebral stimulation might be more appropriate for E− individuals 54. Comparing
these alternative coping strategies using the same stressful paradigm will be necessary to con�rm the
speci�city of the intervention-trait relationships. These studies are needed before offering preventive
personalized treatment and to prevent the development of stress related disorders.

As a �nal practical observation, this study explored ecological stress within a medical professional
context. In addition to the usual decrease of well-being and health, high levels of stress in physicians are
associated with poor quality of care and increased risks of incidents 55,56. Identifying a physician’s
personality traits associated with anticipatory stress is relevant to estimate these professional risks. Our
results showed that N+, E− and C− anaesthesiologists and critical residents are vulnerable to anticipatory
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stress. Previous studies repeatedly reported that N+ and E− in�uenced level of school and job stress, and
are associated with the risk of burnout 47,57,58. Together, these results support that N+ and E−

anaesthetists are at great risk of both immediate and long-term speci�c professional stress, and should
be prioritized to early stress coping training. Our �ndings suggest that relaxing breathing and cardiac
biofeedback might contribute to increase scores of cardiac coherences in all pro�les (even in N+ and E+

individuals), thus these interventions might be e�cient to reduce physiological stress during the
anticipation of a stressful critical care event. Replication of the present �ndings in other daily real-life
settings (e.g. job interview, sport competition) will help to generalize our conclusions to other contexts. As
another perspective, the characterisation of anticipatory stress could be enhanced by other physiological
markers, such as salivary cortisol to detect the activation of the hypothalamo-pituary-adrenal axis.

To conclude, our results showed that individuals with a high neuroticism trait and a low extraversion trait
are the most sensitive to anticipatory psychophysiological stress. Moreover, those with high openness to
experience trait bene�ted more extensively from brief coping interventions. These data encourage the
assessment of personality in identifying ecological stress vulnerability and offering individualized stress
management training including relaxing breathing and cardiac biofeedback. Practically, these data might
contribute to understanding in greater detail how to protect individuals from chronic stress.
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Figures

Figure 1

Protocol timeline. Protocol timeline. STAI-Y: State Anxiety Inventory form A.
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Figure 2

Interventions. Breathing cursor (left part) and cardiac biofeedback visual interface (right part). The visual
cursor driving the inspiration and expiration at 6 breaths/min. The visual biofeedback gave information
on instantaneous heart rate (beats/min) and scores of cardiac coherence (emWavePRO® interface,
HeartMath technologies, Add Heart®).

Figure 3

Study �owchart.
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Figure 4

Personality traits and anticipatory stress. Association between personality traits and psychological (STAI-
Y) and physiological anticipatory stress (cardiac reactivity). Green plots represent traits positively
associated with a stress-resilience aspect of personality. Red plots represent traits that are positively
associated with a stress-vulnerability aspect of personality.
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Figure 5

Effectiveness of coping interventions on cardiac coherence score.

A.     Overall impact of relaxing breathing (dark blue), relaxing breathing paired with biofeedback
(turquoise) and control on the evolution of the instantaneous score of cardiac coherence. Both coping
interventions allows an increase in cardiac coherence scores.

B. Openness trait and cardiac coherence score. Scatterplot of the relationship between openness and
interventions. The grey circles indicate the control group, the dark blue triangles indicate the relaxing
breathing group and the turquoise crosses indicate the biofeedback group. Higher score of openness are
associated with higher score of cardiac coherence and so more e�cient physiological stress reduction. 


