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HIGHLIGHTS

* High-frequency heart rate variability (HF-HRV) reflects emotion regulation.
« Trait and state coping-related variables are linked to HF-HRV.
» HF-HRV does not play a role in visual search performance under pressure.

ARTICLE INFO

Article history:

Received 10 July 2014

Received in revised form 24 November 2014
Accepted 2 December 2014

Available online 3 December 2014

Keywords:

Emotional intelligence
Coping

Vagal tone

Stress

ABSTRACT

Visual search performance under pressure is explored within the predictions of the neurovisceral integration
model. The experimental aims of this study were: 1) to investigate the contribution of coping-related variables
to baseline, task, and reactivity (task — baseline) high-frequency heart rate variability (HF-HRV), and 2) to inves-
tigate the contribution of coping-related variables and HF-HRYV to visual search performance under pressure. Par-
ticipants (n = 96) completed self-report measures of coping-related variables (emotional intelligence, coping
style, perceived stress intensity, perceived control of stress, coping effectiveness, challenge and threat, and atten-
tion strategy) and HF-HRV was measured during a visual search task under pressure. The data show that baseline
HF-HRV was predicted by a trait coping-related variable, task HF-HRV was predicted by a combination of trait and
state coping-related variables, and reactivity HF-HRV was predicted by a state coping-related variable. Visual
search performance was predicted by coping-related variables but not by HF-HRV.
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1. Introduction

The ability for individuals to quickly identify relevant cues in the en-
vironment—in case of threat—played a critical evolutionary role. Nowa-
days, this ability is particularly valuable to athletes, who have to act and
make decisions extremely fast under pressure, using relevant visual
cues in their environment [53,69]. We consider here pressure according
to the definition of Baumeister [2]: “any factor or combination of factors
that increases the importance of performing well on a particular occa-
sion”. The pressure of the situation [33] and the mental effort required
to perform the visual search (e.g., [60]) are likely to influence the phys-
iological state of the organism, and the physiological state of the organ-
ism, in turn, is likely to influence pressure appraisal and mental effort
making necessary the need to use effective coping responses. In this
study we considered the association between pressure, mental effort
linked to visual search performance, and coping behaviours as they
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relate to one physiological marker: heart rate variability (HRV). HRV is
a measure of the continuous interplay between the sympathetic and
parasympathetic influences on heart rate [4] and serves as an index of ef-
fective emotional and cognitive functioning [63]. Our study addressed
particularly these last two characteristics to further our understanding
of visual search performance under pressure. Effective emotional func-
tioning reflects an effective way of coping with stressful situations.
However, to date, no studies have addressed the question of how
high-frequency HRV (HF-HRV) is related to self-reported coping-
related variables, in other words, how conscious appraisals of cop-
ing processes are related to the bodily processes involved in coping.
The first aim of our study was to address this deficiency. Moreover,
the relationship between HF-HRV and cognitive functioning is
known to be specific to executive function, but so far no studies
have investigated the role of HF-HRV concerning the entrance
stage of cognition, namely, visual search. Addressing this deficiency
was the second aim of our study. Hence, we sought to address both
research gaps, using a holistic approach that takes into account both
subjective (i.e., trait and state coping variables) and objective
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(i.e., HRV as a physiological measure) variables to better understand
visual search performance under pressure.

1.1. Heart rate variability

1.1.1. Neurovisceral integration model

The neurovisceral integration model [63] appears particularly suited
to give sense to the variables under assessment in this experiment. This
model postulates that the activity of the parasympathetic nervous sys-
tem, which is reflected in the high-frequency component of HRV (HF-
HRV), is positively associated with an optimal functioning of a broad
range of regulatory functions serving goal-directed behaviours—
particularly at the cognitive and emotional level. This relationship is
achieved through the common structures at stake for cardiac regulation
and for cognitive regulation, through a structural and functional network
connecting the heart to the prefrontal cortex, mainly through the vagus
[63]. Importantly, this model postulates an important functional role of
both trait and state HRV [61,65]. Little is known about the respective im-
plications of either (see [11,49]) and our aim here is to clarify their asso-
ciations with both coping behaviour and visual search performance
under pressure.

1.1.2. Trait and state HRV

Pressure often leads to stress [33,42] and this requires coping efforts
to alleviate its negative consequences. In line with the argumentation of
Thayer and colleagues [61,65]—that both trait and state HF-HRV are
connected to coping responses—there is a need to differentiate the
(potential) different nature of HRV indicators in relation to trait and
state coping variables. The capacity model approach [10] recommends
moving beyond the mere resting state as a single indicator to consider
instead the reactivity to the (emotional) task. The authors argue that in-
dividual differences “are best thought of as interactions between the
emotional demands of specific situations and the emotion-regulatory
abilities individuals bring to those situations” ([10], p. 198). One of the
hypotheses derived from this approach is that individual differences
will show stronger relationships with criterion variables if measured
during emotional challenges, rather than during “resting” tasks, because
greater measurement error can occur during baseline measurements.
Given these recommendations and based on the theoretical proposals
of Thayer and Lane [65], we looked at HF-HRV at three levels': 1) para-
sympathetic activity as a prerequisite for coping behaviour (baseline
HEF-HRV); 2) parasympathetic activity as an outcome of the coping be-
haviour (task HF-HRV); 3) parasympathetic activity as a process that ac-
companies coping behaviour (HF-HRV reactivity, task — baseline). In the
following, we review the findings linking these different HF-HRV levels
to the way people consciously appraise their coping processes, namely,
by considering trait and state coping-related variables.

1.2. Trait coping-related variables and HRV

Regarding trait coping-related variables, we considered two differ-
ent aspects, first the traditional coping styles, and then an individual dif-
ference that has been related to coping processes at the trait level: trait
emotional intelligence.

1.2.1. Coping styles and HRV

There is limited and somewhat inconsistent past research into asso-
ciations between trait coping-related variables and HRV. For example,
people using repression (a cognitive avoidant processing style) as a
coping mechanism have been found to record lower parasympathetic

1 We acknowledge that the parasympathetic activity is usually considered as a marker
of effective emotion regulation, and not only of coping [1]. However, due to the focus on
coping in this paper we refer only to HF-HRV as being linked to coping responses. Accord-
ing to Gross and Thompson [20], coping differs from emotion regulation by its focus on
negative emotions.

activity under stress [14,50]. Unfortunately, the repressive coping con-
struct suffers from an unclear conceptualization [18] and this makes
the connection to the autonomic nervous system somewhat difficult
to interpret [28]. Other investigations—using more standard measures
of coping—have reported conflicting findings. In one experiment, an as-
sociation was identified between the expression of negative emotions
and vagal tone (which usually corresponds to HF-HRV) but this was
found to differ relative to the age of participants [54]. Specifically, a pos-
itive association was found in men aged between 31 and 50 years, and a
negative association was found in men aged between 18 and 30 years. It
remains unclear why age would factor in as a moderator of this relation-
ship. More recently, in a non-clinical sample of young adults, reported
coping style (problem-focused, social-supportive, and avoidance-
focused) was found to be unrelated to HRV [39]. Taken together, there
is little clear evidence to support a link between coping style and HRV.

1.2.2. Trait emotional intelligence and HRV

Also belonging to our definition of trait coping-related variables,
trait emotional intelligence (EI)—a constellation of emotional self-
perceptions situated at the lower levels of personality [52]—encompasses
coping and emotion regulation within its conceptualisation. New studies
have demonstrated that trait El is related to task-oriented coping [34] and
physiological stress responses that include cortisol secretion [32,41] and
HRV [30]. In particular, in the study by Laborde et al. [30], participants
were instructed to remain as focused as possible (as if they were about
to start a sport competition) during which the sound of a negative
crowd response was being played. The authors found that a higher trait
EI was associated with a greater activation of the parasympathetic ner-
vous system during the pressure manipulation, as illustrated by the root
mean square of the square differences between adjacent normal RR inter-
vals (RMSSD). They concluded that trait EI has a protective influence on
the reaction to stress as illustrated with its links to HRV reactivity. The ex-
periment did not identify an association between trait EI and baseline
HRV [30]. These initial findings suggest that trait EI has a greater connec-
tion to parasympathetic activity processes (HRV reactivity) than to para-
sympathetic activity at rest (HRV).

1.3. State coping-related variables

1.3.1. State coping-related variables and HRV

More is known about the relationship between HRV and coping re-
sponses to stressful stimuli. Investigations can be separated into those
considering the tonic level of HRV (referring to the current HRV level,
named baseline and task HF-HRV in this study) and those considering
the phasic level of HRV (referring to HRV reactivity, named reactivity
HF-HRV in this study, representing the change between baseline and
task HF-HRV). At the tonic level of HRV, vagal tone activity (referred
to in this study as HF-HRV) has been found to correlate positively
with engagement coping strategies and negatively with disengagement
coping strategies [16,68]. Investigations have also found that people
with higher resting HRV are more stress tolerant and resilient in the
face of environmental changes [21] and this might reflect a greater
use of more effective coping strategies.

At the phasic level of HRV—focusing on vagal withdrawal (the de-
crease of parasympathetic activity)—the research findings are more in-
consistent. On the one hand, there is evidence that individuals reacting
to angry faces with disengagement record (subsequently) a higher
vagal withdrawal [57], and the authors suggest that a stronger decrease
of HF-HRV might indicate a better adjustment to stressful situations,
which is in line with the findings of other studies [70]. On the other
hand, a separate body of research has found that effective emotion reg-
ulation is associated with increases in parasympathetic activity [8,35,
49]. It is important to note the associations of both tonic and phasic
HRV to emotion regulation—a higher tonic HF-HRV (a higher level of
parasympathetic activity) relates positively to effective emotion
regulation [1] but for HF-HRV reactivity, either a strong decrease
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