Journal of Pain Research Dove

ORIGINAL RESEARCH

Inhibition and Heart Rate Variability in Experimentally
Induced Pain

Giuseppe Forte(®’', Giovanna Tr0|S| Francesca Favieri ', Vilfredo De Pascalisz, Viviana Langher',
Maria Casagrande'

'Department of Dynamic and Clinical Psychology and Health Studies, Sapienza University of Rome, Roma, 00185, Italy; 2Department of Psychology,
Sapienza University of Rome, Roma, 00185, Italy

Correspondence: Giuseppe Forte; Maria Casagrande, Department of Dynamic and Clinical Psychology and Health Studies, Sapienza University of
Rome, Roma, 00185, Italy, Email g.forte@uniromal.it; maria.casagrande@uniromal.it

Introduction: Pain is a complex experience that requires executive functions (EFs) to be processed. The autonomic outcome of the
neural networks involved in the cognitive evaluation of pain is reflected by heart rate variability (HRV), an index of self-regulation
abilities. Although some results suggest a relationship between HRV, EFs, and pain, studies focusing on this three-way relationship are
still scarce.

Objective: This study aims to investigate the relationship between pain, cognitive, and autonomic mechanisms, hypothesizing an
association between resting HRV and both cognitive and motor inhibition as indices of executive functioning. This relationship was
investigated after an experimental-induced pain.

Methods: Seventy-six young adults were exposed to the Cold Pressure Arm Warp to induce experimental pain. HRV was collected,
and cognitive tasks were administered to assess executive performance.

Results: The results showed that (1) HRV indices significantly increased during pain stimulation, (2) cognitive inhibition was
positively correlated with vagal indices and with pain parameters, (3) both inhibition tasks significantly predicted pain threshold
while the performance on the Stroop Task predicted pain tolerance.

Conclusion: Results suggest a three-way relationship. Further research would focus on the role of HRV and cognitive strategies in
pain management in chronic pain conditions.

Keywords: Stroop task, Go-NoGo, autonomic, pain, heart rate variability, cognition

Introduction

Pain, conceptualized as a homeostatic emotion,' is a multidimensional experience that induces an adaptive behavioral
response to re-establish the homeostatic balance.”® Accordingly, the integration of sensorial, physiological, and cognitive
processes related to pain involves multiple brain networks.*® The overlapping of these neural networks would justify the
influencing role of executive functions (EF) in the pain experience.”* Specifically, the prefrontal cortex (PEC) plays a relevant
role in this interaction. PFC is involved in the modulation of various cognitive processes, including pain experience and EF.
An increase in dorsolateral PFC activity would be associated with pain inhibitory function and a reduction in reported pain
experience.'®!! PFC is also considered to be a key structure for executive control. Accordingly, the functional relationship
between pain and EF may stem from shared neural networks within the PFC.""*'? Previous studies have shown that better
inhibition is associated with lower sensitivity to pain'' and higher pain tolerance'® within the EF domain. Conversely, poorer
control inhibition may be a risk factor for higher vulnerability to pain.'"* Moreover, studies reported that chronic pain is
associated with impairment in EF (for a meta-analysis, see'”; for a review, see'?).

Next to the association with pain experience and EF, PFC plays a central role also in the autonomic response.
According to the Neurovisceral Integration Model (NIM),'® PEC is a key structure of the Central Autonomic Network
(CAN)'*'® related to humans’ ability to evaluate environmental requests and adopt appropriate goal-directed behaviors.
NIM suggests the importance of brain-body flexibility, assessed by heart rate variability (HRV), to adapt and respond to
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the environment physiologically.'” 2! In the last two decades, HRV has been widely adopted as a reliable index of the
individual’s ability to organize an adaptive and flexible response to environmental challenges, and the HRV indices
appear to be related to different cognitive functions.'®?*** Regarding the experience of pain, NIM suggests that the HRV
and the cardiac autonomic reactivity are associated with the functional organization of some pain-related networks.'®*'
An adequate reaction to pain involves the autonomic nervous system and triggers the mechanisms needed to re-establish
adaptive homeostasis (ie, descending pain modulatory mechanisms>?).

Starting from the evidence mentioned above, this study aims to investigate the relationship between EFs (ie, cognitive
and motor inhibition), HRV, and pain sensitivity/tolerance, to understand better how cognitive and physiological
parameters are related to pain perception.

Despite the theoretical evidence regarding brain—body interactions via the vagal nerve,”> only some studies focused
concurrently on the relationship between pain response, central brain responses, and body activation. In this frame, an
important question that remains to be investigated is the role of the heart-brain axis in pain and whether this aspect
renders some individuals more susceptible to pain. Indeed, a thorough examination of these related aspects (ie, executive
functions and autonomic response) in relation to experimental pain experience needs to be investigated.

This study examined the relationship between experimentally induced pain and EFs (ie, motor and cognitive
inhibition) in healthy participants. A cold pressor test arm wrap (CPAW) was chosen for experimental pain
induction.”® CPAW allows differentiating between three levels of pain experience: threshold, time of exposure, and
tolerance. In line with the previous research, we expect an association between inhibition performance and experimental

pain.""*” However, given that EF is still related to autonomic nervous systems,”*>'*

autonomic indices (ie, HRV) and
inhibition performance may predict pain tolerance and threshold. In addition, even though the previous studies provided
evidence of a pain-inhibition relationship, it remains unclear if all the different components of the inhibitory domain are
associated with pain. Accordingly, motor and cognitive inhibition will be tested. A better understanding of these
relationships can provide a more holistic picture of the complex physiological and psychological processes implicated

in pain.

Methods

Participants

The G-Power analysis (es = 0.20, alpha = 0.05, beta = 0.80; tested for planned analysis) indicated an adequate sample size of at
least 75 respondents. Accordingly, seventy-six healthy young adults (47 women, 29 men; mean age = 23.17, SD = 2.34) were
recruited. According to the inclusion criteria, only undergraduate students aged between 18 and 35, without any chronic pain
condition, cardiovascular diseases, or psychiatric disorders — that could influence our variables of interest — were selected for
this study. Inclusion and exclusion criteria were assessed during the sociodemographic and anamnestic interview. The study
protocol was approved by the Local Ethical Committee of the University of Rome, “Sapienza” (Department of Dynamic and
Clinical Psychology; protocol number: 0001168, 21/08/2019), according to the ethical guidelines of the Declaration of
Helsinki. Each participant signed the informed consent before the experimental procedure.

Table 1 shows the main characteristics of the sample.

Measures

A face-to-face semi-structured interview was adopted to collect sociodemographic and anamnestic data. Moreover, height and
weight were recorded for each participant to define body mass index (BMI). Systolic and diastolic blood pressure and heart
rate were measured with an electronic device (Omron M3; HEM-7200-E, Omron Healthcare, Kyoto, Japan).

Heart Rate Variability

Heart rate Variability was collected via Firstbeat Bodyguard-2 (Firstbeat Analytics, Jyvaskyla, Finland).?® The signal was
processed using Kubios HRV Analysis 3.4.3 software.”’ In particular, we evaluated the HRV by considering both
frequency and time domains.>' The frequency-domain analysis yielded the mean spectral power measures of the Low-
Frequency (LF-HRYV, 0.04-0.15 Hz) and High-Frequency (HF-HRYV, 0.15-0.4 Hz) bands. The first measure indicates the

30-34 1 35

influence of both vagal and sympathetic activity, whereas the latter reflects changes in the heart’s vagal contro
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Table | Principal Demographic Characteristics,
Pain, and HRV Variables of the Participants

N=76 Mean (SD)
Male (n, %) 29 (39.2)
Female (n, %) 47 (61.8)
Age 23.17 (2.34)
Education (years) 16.43 (1.76)
Pain Threshold (sec) 9.47 (7.32)
Pain Tolerance (sec) 105.46 (57.79)

Physiological Measures

BP indices

SBP 117.85 (10.76)
DBP 71.98 (7.83)
HR 76.54 (13.25)

HRY indices (Baseline)

INSDNN 3.81 (0.38)
INRMSSD 3.57 (0.47)
InLE 6.76 (0.88)
InHF 6.05 (0.87)

HRYV indices (Pain Stimulation)

InNSDNN 3.94 (0.29)
INRMSSD 3.70 (0.40)
InLF 7.29 (0.85)
InHF 6.55 (0.84)

HRY indices (Recovery)

INSDNN 3.98 (0.35)
INRMSSD 3.65 (0.42)
InLF 7.00 (1.06)
InHF 6.39 (0.85)

Abbreviations: BP, blood pressure; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure; HR, heart rate; InNSDNN,
natural logarithm of standard deviation of the IBI of normal sinus
beats; INRMSSD, natural logarithm of root mean square of stan-
dard deviation; InLF, natural logarithm of low frequencies; InHF,
natural logarithm of high frequencies.

The time-domain analysis yielded the standard deviation of the mean RR interval (SDNN), reflecting the variability in
the recording period, and the root mean square of successive standard deviation (RMSSD), reflecting the vagal
tone.”>***® We evaluated HRV during a baseline condition (Resting), task performances requiring cognitive and
motor inhibition (Reactivity), and at the end of the procedure (Recovery) for each participant. HRV measures were

normalized using natural logarithms.
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Pain Sensitivity

The Cold Pressure Arm Wrap (CPAW;>®) was adopted to induce experimental cold pain. Two 15 x 30 cm gel packs were
applied to the participant’s non-dominant arm at a temperature of 0°C. The experimental procedure provided a maximum
duration of stimulation of 180 seconds or immediately when the subject reached the maximum level of pain, as reported
by the procedure of previous studies.'' The overall duration of CPAW was included as indices of pain exposure. During
pain induction, participants rated pain intensity on a verbal rating scale, with seven levels of pain (in increasing order:
“no pain”, “noticeable pain”, “bearable pain”, “moderate pain”, “intense pain”, “heavy pain” and “unbearable pain”).
Pain threshold was the time interval (in sec) needed for the subject to experiment “noticeable pain”, pain tolerance was
the time interval between “noticeable pain” and “unbearable pain”, and pain exposure was the time interval from “no
pain” to “unbearable pain”. All three indices (pain threshold, pain tolerance, and pain exposure) were standardized into
z-scores. Finally, to assess subjective pain experience as an index of pain distress, participants were invited to complete
a visual analog scale (from 0 = “no pain” to 10 = “the worst possible pain”).

Inhibitory Domain of EF
Inhibition was assessed via a computerized version of the Stroop Task (cognitive inhibition)’” and the Go/NoGo Task
(motor inhibition).*®

Stroop Task

A computerized version of the Stroop Task®’ provided the administration of colored words (Font: Courier New; Font
size: 60; colors: yellow, red, blue, green), semantically referring to the colors YELLOW, RED, BLUE, and GREEN.
Each word could be presented with the ink color related to its semantic meaning (Congruent Condition, eg, BLUE
written in blue ink) or another color (Incongruent Condition, eg, BLUE written in red ink). The task required pressing the
key corresponding to the ink color (key “A” = red; Key “S” = green; Key “K” = blue; Key “L” = yellow; each key had
a label of the corresponding color) as quickly and accurately as possible. A practice block of 15 trials was presented at
the beginning of the task, with feedback about their correct execution. Afterward, a block of 120 randomly presented
trials (60 Congruent and 60 Incongruent) was presented. An initial fixation cross (400 ms) was presented before each
trial. The target stimulus duration was 3000 ms or until the participant’s response. Reaction times and accuracy were
collected. Trials with reaction times over 200 ms and correct trials were considered to calculate each participant’s mean
Reaction Times (RTs) for congruent and incongruent conditions, and the Stroop Effect (mean RTs Incongruent Trials —
mean RTs Congruent Trials) was computed.

Go/NoGo Task

Two geometric shapes (960 x 720 pixels) individually appeared in the center of the screen with a black background. The
Go stimulus was a green circle, and the No-Go stimulus was a green triangle. An initial screen with a fixation cross
(duration: 500 ms) was followed by the randomized presentation of target stimuli (Go) and non-target stimuli (No-Go).
Each stimulus remained in the center of the screen for 750 ms or until the participant’s response. The task required
pressing the left mouse key as quickly as possible when the green circle appeared in the screen center. When the green
triangle appeared, the participant had to wait for the disappearance of the stimulus. One hundred trials divided into two
blocks of 50 trials each were administered. A practice block of 12 trials, with feedback on correctness, was presented at
the beginning of the experiment. The percentage of “no-go” trials was 15 in the overall task. The inappropriate responses
to “no-go” stimuli were summed to define the number of False Alarms, considered the inhibition motor component.*

Procedure

Each participant underwent a single experimental session. At the beginning of the session, anamnestic data were collected, and
height and weight were assessed. Then, after measuring blood pressure, resting heart rate variability (5 minutes) was recorded
(ie, participants were told to relax on a comfortable chair). After resting, participants completed the Stroop Task (five minutes)
and the Go/NoGo Task (five minutes). Then, after an intermediate baseline period, participants underwent the CPAW test.
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Finally, HRV was recorded for 5 minutes (recovery). HRV was recorded for the entire duration of the experimental session.
The whole procedure took about 30 minutes.

Data Analyses

Pearson correlations were calculated to assess the association between pain indices (ie, threshold, tolerance, and time
exposure), autonomic response (HRV measures), and the performance on the executive tasks (ie, Stroop effect as an
index of cognitive inhibition, False Alarm as an index of motor inhibition).

Repeated-measures ANOVAs were performed to understand better the differences in the autonomic measures in the
different phases of the experimental procedure of the CPAW (ie, resting, reactivity). Gender was checked as a possible
confounding variable. Finally, to assess the possible predictive role of resting autonomic indices and EF domain of
inhibition on pain, we performed different hierarchical linear regressions using exposure time, pain threshold, and pain
tolerance, respectively, as dependent variables and three different models of prediction: Model 1 including Stroop Effect,
Model 2 including both Stroop Effect and False Alarm, Model 3 including the indices of inhibition (Stroop Effect and
False Alarm) and autonomic activity during resting phase (InSDNN, InRMSSD, InLF, InHF). According to the amount of
conducted analysis following Bonferroni correction, a value of p < 0.02 was adopted as a significance threshold.

Results

To check for the possible confounding effect of the experimenter’s gender, 2 (participant’s gender) X 2 (experimenter’s
gender) ANOVAs were carried out for each pain index. The pain threshold, sensitivity, and exposure time results showed
no significant main effects and interaction considering this 2 X 2 ANOVA (all F < 1; all p > 0.40).

Moreover, to check the effective effects of pain in autonomic response, a series of repeated measures ANOVAs to test
Resting and Reactivity responses were conducted and showed significant differences in HRV indices: InSDNN (F; 94=
5.45; p = 0.02; n°,= 0.10), INRMSSD (F5,04= 7.30; p = 0.009; n’°,= 0.13), InLF (F,94= 10.04; p = 0.002; n°,= 0.17) and
InHF (F594= 6.48; p = 0.01; rlzp = 0.012) indices of HRV (see Table 2). Specifically, all the indices were higher in
Reactivity than in the Resting condition (see Table 2). No significant effects involving gender were found in the above
analyses (all F < 1).

Correlation Between Executive Functions and Pain Indices

Pearson correlations reported that the Stroop Effect was significantly and negatively correlated with exposure time (r =—0.35;
p =0.003), pain tolerance (r =—0.33; p = 0.004), and pain threshold (r =—0.26; p = 0.03). Moreover, the false alarms at the Go-
NoGo task negatively correlated with the pain threshold (r = —0.26; p = 0.03). These correlations indicate that better executive
performance, particularly in inhibition tasks, was related to longer exposure time, higher pain tolerance, and pain threshold.
However, assuming that exposure time and pain tolerance indices are influenced by pain threshold, and the correlation
between the two indices and inhibition (Stroop Effect and False Alarms to Go/No-Go task) may be affected by this association,
we calculated semi-partial correlations between the variables controlling for the effect of pain threshold. The correlation

Table 2 Linear Correlations Among HRV, Blood Pressure, and Performance on Inhibition Tasks

Ln_ET | Ln_PTh | Ln_PTo | Ln_LF Ln_HF
Baseline Baseline
SBP r 0.18 0.26* 0.15 0.29* 0.15
p 0.13 0.03 0.19 0.0l 0.22
Stroop Effect r —0.35%% | —0.26* —0.33*% | —0.25* —0.37%*
P 0.003 0.03 0.004 0.03 0.002
False Alarms Go/NoGo | r -0.12 —-0.26* —0.10 —0.02 -0.12
P 031 0.03 0.42 0.90 0.34

Notes: *p < 0.05; *p < 0.01.
Abbreviations: Ln, natural logarithms; SBP, systolic blood pressure; ET, exposure time; PTh, pain threshold; PTo, pain
tolerance; LF, low frequencies; HF, high frequencies.
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between the Stroop Effect and both exposure time and pain tolerance remained significant (exposure time: r =—0.26; p = 0.02;
pain tolerance: r =—0.26; p = 0.02), while no significant association was reported between False Alarms to Go/No-Go and pain

indices.

Correlations Between Physiological Measures and Pain Indices

A positive linear correlation was found between SBP and pain threshold (r = 0.27; p = 0.02). No other significant
correlations emerged between physiological indices (blood pressure and HRV) and pain indices. Assuming that exposure
time and pain tolerance indices are influenced by pain threshold, possibly affecting their association with physiological
variables, we calculated semi-partial correlations between the variables controlling for the effect of pain threshold. The
correlation between exposure time and pain tolerance and physiological indices reported a significant linear positive
correlation between resting In_LF and both exposure time (r = 0.25; p = 0.03) and pain tolerance (r = 0.25; p = 0.03); no
other significant associations emerged between physiological and pain measures.

Correlations Between Physiological Measures and Executive Performance

Considering resting HRV indices, a significant negative correlation was found between Stroop Effect and both InLF (r =
—0.26; p = 0.02) and InHF (r = —0.35; p = 0.02). Considering reaction times in incongruent trials, a negative linear
correlation was found with InLF (r = 0.29; p = 0.01).

Regression Analyses

Pain Threshold

A hierarchical linear regression model considered pain threshold as the dependent variable and Stroop Effect, False
Alarm at Go/No-Go task, and resting HRV indices (InSDNN, InRMSSD, InLF, InHF) as predictors in three different
models (see Table 3). All the models were significant (see Table 3). Model 1 (Stroop Effect) was significant (R*= 0.07;
F =4.95; p =0.02). Model 2 (Stroop Effect and False Alarm at Go/No-Go task) was significant (R?=0.13; F = 4.62; p =
0.01). Model 3 (inhibition indices and resting HRV indices) was significant (R*= 0.23; F = 3.03; p = 0.01). The model
comparison analysis showed a significant change of R2 between Model 1 and Model 2 (p = 0.04), while no significant
change between Model 2 and Model 3 (p = 0.09).

Table 3 Results of Regression Analyses

SE t P R R? f

Exposure Time Model |

Stroop Effect 0.00157 -3.17 0.002**

Global 0.002*+* 0.36 0.13 10.02

Model 2

Stroop Effect 0.00159 —3.045 0.003**

False Alarms Go/NoGo 0.03964 -0.721 0.47

Global 0.008** 0.37 0.14 5.24

Model 3

Stroop Effect 0.00175 —2.360 0.02*

False Alarms Go/NoGo 0.03986 0.771 0.44

Ln_RMSSD baseline 0.61981 —1.559 0.12

Ln_SDNN baseline 0.81228 1.270 0.21

Ln_LF baseline 0.16156 0.810 0.42

Ln_HF baseline 0.16048 0.758 0.45

Global 0.04%* 0.44 0.19 24|

(Continued)
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Table 3 (Continued).

SE t P R R? f

Pain threshold Model |

Stroop Effect 0.00168 -2.23 0.03*

Global 0.03* 0.26 0.07 4.95

Model 2

Stroop Effect 0.00166 —2.02 0.05*

False Alarms Go/NoGo 0.04137 -2.01 0.05%*

Global 0.01* 0.35 0.12 4.62

Model 3

Stroop Effect 0.00177 —2.340 0.02*

False Alarms Go/NoGo 0.04028 —2.188 0.03*

Ln_RMSSD baseline 0.62635 —2.372 0.02*

Ln_SDNN baseline 0.82086 2.206 0.03*

Ln_LF baseline 0.16326 -1.818 0.07

Ln_HF baseline 0.16217 0.274 0.79

Global 0.01* 0.48 0.23 3.03
Pain Tolerance Model |

Stroop Effect 0.00158 -3.02 0.004**

Global 0.004** 0.35 0.12 9.10

Model 2

Stroop Effect 0.00160 -2919 0.005**

False Alarms Go/NoGo 0.03995 —0.490 0.63

Global 0.01* 0.35 0.12 4.62

Model 3

Stroop Effect 0.00176 -2.170 0.03*

False Alarms Go/NoGo 0.04017 —0.528 0.60

Ln_RMSSD baseline 0.62474 —1.328 0.19

Ln_SDNN baseline 0.81875 1.047 0.30

Ln_LF baseline 0.16284 1.077 0.29

Ln_HF baseline 0.16176 0.757 0.45

Global 0.06 0.42 0.18 2.20

Notes: *p < 0.05; **p < 0.01.
Abbreviations: SE, standard error; Ln, natural logarithms; RMSSD, root mean square of successive differences between normal heartbeats;
SDNN, standard deviation of the IBl of normal sinus beats; LF, low frequencies; HF, high frequencies.

Exposure Time

The hierarchical linear regression model testing the role of the Stroop Effect, False Alarm at Go/No-Go task, and resting
HRYV indices (InNSDNN, InRMSSD, InLF, InHF) to Time Exposure reported a unique association with the Stroop Effect
(see Table 3).

Pain Tolerance
The hierarchical linear regression model testing the role of the Stroop Effect, False Alarm at Go/No-Go task, and resting
HRYV indices (InSDNN, InRMSSD, InLF, InHF) to pain tolerance with the Stroop Effect (see Table 3).

Discussion
This study aimed to identify the association between experimentally induced pain and autonomic response as well as the
relationship with EFs, particularly cognitive and motor inhibition.

Our results confirmed previous evidence, indicating an association between pain and cognitive inhibition assessed by
the Stroop task.''#"***! The results were confirmed for all the pain measures (ie, exposure time, pain tolerance, and pain
threshold). Moreover, an association between pain threshold and false alarm to the Go-NoGo task, which did not emerge
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in previous studies,?” extended the results found for cognitive inhibition also to motor inhibition. This evidence suggests
that different inhibition components may be involved in the capacity to tolerate pain and in determining the threshold of
pain perception. Despite the functional similarity, inhibition processes assessed by the two tasks are not the same.** The
performance in the Go/No-Go task would reflect more the response inhibition associated with the activation of the middle
and inferior frontal cortices,* the pre-supplementary areas (pre-SMA), and the anterior cingulate cortex (ACC).** The

Stroop task may additionally measure informational conflict inhibition, which is dissociable from response inhibition.*’

Cognitive load associated with the Stroop task performance has been related to the activation in many PFC regions.***’

Regarding pain-related brain activity, ACC, pre-SMA, and the bilateral anterior insula are significantly activated following
the nociceptive stimulation,”® whereas the PFC appears not to be involved in experimental pain perception but in pain
control.*’ The involvement of these neural networks would explain the results of this study. In fact, good response inhibition
may be particularly related to pain threshold, while conflict inhibition may also be involved in pain tolerance and exposure

time to experimentally induced pain. In light of previous studies,*'%"'

this evidence suggests that the brain regions engaged
in response inhibition may also be involved in behavioral responses to pain perception due to the overlap of the neural circuits.

Interesting insight emerged considering the autonomic response assessed during pain induction as well as the
predictive role of resting autonomic state in pain perception. Our results confirmed a significant relationship between
the autonomic nervous system activity and pain response (for a review>2). In particular, HRV changes were found during
pain stimulation than in the resting phase. This pattern would suggest a functional re-organization of the heart-brain axis
in response to nociceptive stimulation.”® >’ Our findings highlight increased HRV parameters related to baroreflex and
parasympathetic activities during painful stimulation. Although most studies reported an increase in sympathetic/
baroreflex activity,”’ > few results confirmed the same trend in parasympathetic autonomic branches.®

An increase in baroreflex activity, indexed by LF-HRYV, can be considered a general adaptation of the organism to
experimentally induced pain.®'®* Individual characteristics, such as interoceptive awareness®* and attentional bias,®®
were reported as influencing autonomic response to pain induction. However, despite a theoretical background suggesting

16.66-68 1o studies focused on the effects of the interaction between executive

the overlapping of the neural networks,
functioning and autonomic activity in the pain experience.

The hierarchical interactions emerging between executive functions, autonomic and pain processes would be explained by
NIM.'® On the one hand, the autonomic response seems uniquely related to the pain threshold. On the other hand, motor
inhibition represents a good predictor of the different features involved in pain experience (ie, pain threshold, pain tolerance,
and exposure to pain). This pattern would suggest a dominant role of EF rather than autonomic activity in influencing pain.

Although the outcomes of the current study are promising, several limitations can be noted. First, the generalizability of this
study, which focused on a sample of young adults, is low, and findings cannot be extended to different age populations. Moreover,
it would be interesting to detect the autonomic-cognitive response pattern to pain experience in different populations, such as
patients suffering from chronic pain. Nevertheless, this study is the first to investigate the three-way relationship between pain,
HRY, and EFs; hence, further research could improve acknowledgment of this field, considering other EFs (ie, attentional control

in different conditions®®~”"

) involved in pain processing or other methods to induce acute pain.

Further studies should also consider individual differences (eg, personality traits) that could influence the reported
relationship between cognitive-autonomic patterns and pain perception. Another limit could be due to the experimental
pain induction. Although largely adopted, the CPAW simulates the experience of cold-related pain. Different reactions
based on the origin of the pain stimulus and nociceptive reaction may affect the evidence and activate differently the
networks involved. Further studies should consider this aspect and compare different pain induction experimental
procedures to the findings of the present study. Finally, self-report scales could represent a limit to the measurement
of pain parameters because individual characteristics influence them; further studies should find objective methods to

assess pain sensitivity in order to furnish more reliable indices of pain.

Conclusions

Pain is a complex experience that all individuals experience. This study aimed to investigate some aspects of this
experience, namely autonomic and cognitive influence on pain. Our results can be read from the perspective of an
integrated model postulating an overlap of involved neural networks.
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Specifically, summarizing results, we argue that an individual with adequate cognitive and motor inhibition and
autonomic reaction to pain is more efficient in triggering mechanisms aimed to re-establish adaptive homeostasis. In
these conditions, the individual will experience a more adaptive response to pain via top-down mechanisms. This study is
intended to be another small step in understanding pain experiences. This evidence could be useful for understanding the
mechanisms involved in pain perception in healthy populations and the field of chronic pain conditions. The three-way
relationship highlighted by this study could be a starting point for better pain management in clinical populations
resulting in a more satisfactory quality of life.
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