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The moderating role of
extraversion in the relationship
between trait mindfulness and
pain adaptation

Chen Lu, Nele Berner, Lena Hagel, Nils Jannik Heukamp,
Vera Moliadze' and Frauke Nees™

Institute of Medical Psychology and Medical Sociology, University Medical Center Schleswig-Holstein,
Kiel University, Kiel, Germany

Introduction: Pain habituation, the reduction in response to repeated painful
stimuli, is a positive adaptation process, while pain sensitization is linked to
chronic pain. Traits like mindfulness and extraversion affect pain processing, but
their influence on pain adaptation and potential interactions remains
underexplored. This study aimed to examine the relationship between trait
mindfulness, extraversion, and pain adaptation, assessing their predictive value
and any interaction effects.

Materials and method: Fifty-two healthy participants, mean age = 23.29 + 2.052
years, completed questionnaires measuring trait mindfulness and extraversion,
followed by an experimental pain stimulation to assess pain adaptation.
Correlation analysis and hierarchical regression analysis were used to explore the
relationships between traits and pain adaptation, and potential interaction effects.
Result: Trait mindfulness positively correlated with extraversion, but neither trait
showed a significant correlation with pain adaptation. In addition, neither trait
mindfulness nor extraversion significantly predicted pain adaptation. However,
a significant interaction was found between the two traits, suggesting that
extraversion moderates the relationship between trait mindfulness and
pain adaptation.

Conclusion: Trait mindfulness and extraversion are interrelated traits whose
interaction affects pain habituation and the extent to which individuals with
higher levels of trait mindfulness exhibit greater pain adaptation appears to
depend on their levels of extraversion. These findings suggest that trait
mindfulness and extraversion may act as protective factors in chronic pain
development. Mindfulness-based interventions may be particularly effective for
individuals with specific personality traits. This can inform further research to
explore these implications for pain management.
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1 Introduction

Repeated painful stimulation usually causes a decreased neurophysiological and
behavioral response (habituation), which is suggested to represent a positive adaptation
process (1), whilean increased response to pain (sensitization), is regarded as
maladaptation in this adaptation process and is also discussed as a mechanism for pain
chronicity (2-4). This also relates to findings that the pain adaptation process is
sensitive to various individual factors already in healthy individuals (1, 5). Among these
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factors, trait-like individual tendencies might be particularly
important, as they represent relatively stable characteristics that
can serve as fundamental risk factors in predicting an
individual’s vulnerability to developing chronic pain. In this
context, trait mindfulness has increasingly been discussed in
recent years, also in the context of potential (mindfulness-based)
interventions for chronic pain (6-9), and has been found to alter
the experience of pain (10-12). Trait mindfulness refers to an
individual’s characteristic tendency to maintain awareness of the
present moment in a nonreactive and nonjudgmental manner
(13). Healthy individuals with higher compared to individuals
with lower levels of trait mindfulness have been shown to report
higher pain thresholds, less pain catastrophizing, and lower pain
intensity and pain unpleasantness ratings when experiencing
experimentally induced painful stimulation (14, 15).

Moreover, also personality traits such as extraversion have been
shown to alter pain experience, e.g., higher levels of extraversion
are linked to greater pain tolerance and higher pain thresholds
while increased pain sensitivity (16-20). Extraversion refers to a

personality dimension regarding individual differences in

sociability, assertiveness, positive emotionality, approach
tendencies, and status motivation (21).

Interestingly, trait mindfulness and extraversion are two related
traits as found in previous research, however, some studies found a
positive correlation between them, while others suggest their
positive correlation was not significant or even negative (22-24).
Additionally, it remains unclear whether higher levels of trait
mindfulness and extraversion facilitate the pain adaptation
process in healthy individuals and how these are related in this
respect. While lower levels of trait mindfulness were linked to
pain sensitization (5), suggesting a facilitating effect of trait
mindfulness on the pain adaptation process, higher levels of trait
mindfulness were found to be associated with incomplete
habituation (refer to the pain rating higher than 0 at the end of
the 60-second stimulus according to their experiment design) (1),
indicating a hindering effect of trait mindfulness on the pain
These that

experimental research is needed to determine whether trait

adaptation  process. mixed findings suggest
mindfulness facilitates or impairs the pain adaptation process. In
addition, experimental exploration of the relationship between
extraversion and pain adaptation is also limited. Existing research
indicates that individuals’ levels of extraversion affect their pain
experience. For example, individuals with higher levels of
extraversion have shown greater pain tolerance and higher pain
thresholds (16,

also been linked to increased pain sensitivity (

). However, higher levels of extraversion have
). Moreover, it is
also not clear whether extraversion is also a factor influencing
pain adaptation, as well as, whether and how extraversion plays a
significant role in the interaction of trait mindfulness and pain
adaptation process. Although both extraversion (25) and trait
mindfulness (26) are associated with subjective well-being and
positive emotions, extraversion is marked by a preference for
activity, excitement, and positive stimuli (27, 28), which may
conflict with the practice of trait mindfulness. This conflict can
make it difficult for extroverts to maintain mindfulness in the

present moment, particularly during negative experiences, such
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as painful stimuli (17, 23). Therefore, the proposed facilitative
effect of higher levels of trait mindfulness on the pain adaptation
process may depend on the level of extraversion.

Therefore, the

relationships between trait mindfulness, extraversion, and pain

present study aimed to examine the
adaptation (measured through ratings of repeated painful
stimulation). In addition, we examined the predictive value of
trait mindfulness and extraversion for

pain adaptation.

Particularly, we were interested in whether extraversion
represents a significant moderator of the assumed relationship
between trait mindfulness and pain adaptation. We had the
following hypotheses: (1) There is a positive correlation between
trait mindfulness and the degree of pain adaptation, a negative
correlation between extraversion and the degree of pain
adaptation, and a negative correlation between trait mindfulness
and extraversion. (2) Higher levels of trait mindfulness predict
greater degrees of pain adaptation (larger difference between the
first and last trial of pain intensity ratings) and higher levels of
extraversion predict lower degrees of pain adaptation. (3) The
relationship between trait mindfulness and pain adaptation is
moderated by individual levels of extraversion, due to significant

interactions between the two traits.

The study complies with the latest revision of the Declaration
of Helsinki (DRKS-ID: DRKS00032271).
procedures were approved by the local ethics committee of the
Medical Faculty at Kiel University (AZD482/22). All participants
were informed about the study and provided written consent.

Experimental

2.1 Participants

Fifty-two healthy volunteers (mean age =23.29 £2.052 years;
19 males; 33 females; sample characterization, see )
participated in the study. They were recruited via flyers and
online advertisements.

Inclusion criteria were: German native speakers, right-handed,
age range 20-30 years (to control for a potential confounding
effect of age).

Exclusion criteria were: any prior mindfulness-based training
(to control for a potential confounding effect due to experiences
with mindfulness traditions and trainings), any psychiatric,
neurological, or internal diseases, as well as chronic or subacute
pain, current or former drug addiction, intake of regular
medication (except for hormone contraception) especially
analgesic drugs, or central nervous system-effective medications,
pregnancy, IQ below 80 or former meditation experience
(excluding yoga) within the past 8 weeks. For these, participants
underwent a pregnancy test and the basic intelligence was tested
by the revised German Culture Fair Intelligence Test 2 (CFT-
20-R) (29) and the dominant hand by the Edinburgh Inventory
(30).

structured interviews and participants’ self-reports.

Other screenings were conducted primarily through
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TABLE 1 Correlations of variables.

M+ SD @ Observed range

Trait mind

10.3389/fpain.2025.1534339

Extraversion Pain Pain stimulus

(MAAS)

(NEO-FFI) adaptation | temperature

Trait mindfulness (MAAS) | 3.76 +0.739 2.20-4.87

Extraversion (NEO-FFI) 2.43 +0.443 1.50-3.33 0.347* 1

Pain adaptation 3.67 £14.961 —32.41-49.07 —0.009 0.039 1

Pain stimulus temperature | 46.64 + 1.921 38.80-49.00 0.103 0.072 —0.063 1

Sex Female = 0 0.356** 0.114 0.068 0.277* 1

Male=1

Age 23.29 £2.052 20-30 —-0.163 —0.002 —0.055 —0.164 0.148
M, mean; MAAS, mindful attention and awareness scale; NEO-FFI, NEO five factors inventory; SD, standard deviation.
*p <0.05.
**p<0.01.

2.2 Psychometric assessments and
experimental condition

Questionnaires of trait mindfulness and extraversion were
completed online, using the SoSci tool (31), before joining the
experimental pain adaptation task in the laboratory.

2.2.1 Trait mindfulness

We assessed trait mindfulness using the mean of the total
scores of the Mindful Attention and Awareness Scale, German
Version (MAAS) (32), with higher scores indicating a higher
level of trait mindfulness. The MAAS comprises 15 self-
referential statements, e.g., “I find it difficult to stay focused on
what is happening in the present moment”, measured on a
6-point scale (1 = Almost always, 6 = Almost never).

2.2.2 Extraversion

We assessed extraversion using the mean of the respective
subscale of the NEO Five-Factor Inventory, German Version
(NEO-FFI) (27), with higher scores indicating a higher level of
extraversion. The NEO-FFI includes 12 items for extraversion,
e.g., “I like having lots of people around me”, measured on a
5-point scale (0 =Strong rejection, 4 = Strong agreement).

2.2.3 Experimental procedure

Pain adaptation was assessed using self-rate information from
an experimental pain stimulation session ranging on a visual
analog scale (VAS) from zero to 100.

2.2.3.1 Pain stimulation session

A standardized protocol was conducted to identify the temperature
used as the pain stimulus in the subsequent pain rating tasks for
each participant (33). To this end, thermal stimuli were applied
by using a TSA-2001 thermal stimulator (Medoc Advanced
Medical Systems, Haifa, Israel) with a 30 mmx30mm flat
thermode to the ventral side of the left forearm. The temperature
of thermode was increased from baseline (32°C) to maximum
(49°C) with a rate of 1.5°C/s while the subject had the task of
resetting the temperature by button-press when reaching certain
subjective pain sensations. Participants were instructed to stop
the increasing thermal stimulus as soon as the pain reached a
subjective pain intensity of 80 out of 100 on a verbally
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communicated 100-point scale with evenly distributed integers
from 0 (no pain) to 100 (unbearable pain). This procedure was
repeated 10 times. Subsequently, the pain stimulus for the pain
rating task was defined as the average temperatures of the last 5
trials. In case the maximum temperature (49°C) did not reach
the participants’ 80-level pain intensity, 49°C was set as the pain
stimulus temperature for the pain adaptation task.

The pain adaptation task consisted of 20 consecutive trials. In
each trial the temperature of the thermode was increased from the
baseline (32°C) to the participants’ target temperature in two
seconds, remaining at that level for 10 s before decreasing to the
baseline. Subsequently, the participants were instructed to rate
the perceived pain intensity using a VAS from 0 to 100, which
was presented for 10 s, followed by a 10 s relaxation period.

Pain adaptation was measured by calculating the difference in
pain intensity ratings between the first and the last trial, with a
larger difference indicating a higher degree of pain adaptation.
Due to technical reasons, data only for 15 trials were available.
However, as summarized in a recent review, the number of trials
in previous studies investigating pain adaptation has ranged from
3 to 28 (34), and the main pain adaptation process (habituation
or sensitization) has been found specifically within 10 trials
(35-37). Therefore, our data still capture a valid window, and
since we also wanted to include any potential re-adaptation
processes within our analyses, we analyzed the 15 trials from our
procedure. As a supplement, we also conducted the same data
analyses under 10-trial conditions (see Supplementary Material).

2.4 Data analyses

To examine the relationship between trait mindfulness and
extraversion on pain adaptation as well as between both traits,
we performed correlation analyses with all variables and then the
partial correlation analyses controlling for sex (considering the
imbalance in the number of male and female participants in our
sample). Moreover, we performed a hierarchical regression
analysis, with pain adaptation as the outcome and the trait
variables (mindfulness and extraversion) as the predictors. Those
were entered in the first step, and then in the second step, sex
was entered into the model as a covariate to control for potential
effects of sex on the prediction of pain adaptation by trait
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mindfulness and extraversion. To examine potential trait-related
moderation effects, the product of trait mindfulness and
extraversion was entered into the model as an interaction term in
the last step and the simple slope analysis was applied to
illustrate the relationship between trait mindfulness and pain
adaptation at higher and lower levels of extraversion (ie., one
standard deviation above and below the mean of the moderator).
In addition, the Johnson-Neyman technique was employed to
identify specific ranges of extraversion where the effect of trait
mindfulness on pain adaptation was significant. The assumptions
of the
homogeneity, autocorrelation, multicollinearity, and casewise

regression model (normal distribution, variance
diagnostics for influential outliers) were tested, with the results
generally supporting the use of regression analysis. Detailed
results of these tests are presented in the Supplementary Material.

All of the above analyses were performed in SPSS 21.0 (IBM
Corp., Armonk, NY, US.A), including Hayes PROCESS 4.2
macro (38). The Johnson-Neyman plot was created using the
ggplot2 package in R (39). We applied a p-value <0.05 (all tests

were two-sided).

3 Results

3.1 Correlations between trait mindfulness,
extraversion, and pain adaptation

Table 1 shows the results of the correlation analysis.
Neither the correlation between trait mindfulness and the

TABLE 2 Correlations of variables when controlling for Sex.

10.3389/fpain.2025.1534339

degree of pain adaptation (r=-0.009, p=0.949) nor the
correlation between extraversion and the degree of pain

adaptation (r=0.039, p=0.784) reached a statistically
significant level. However, trait mindfulness was positively
correlated  with extraversion (r=0.347, p=0.012).
Additionally, the correlation between sex and trait

mindfulness (r=0.356, p=0.010), as well as the correlation

between stimulus (r=0.277,
p=0.047) are both significant.

When controlling for the sex, the correlations between trait

sex and pain temperature

mindfulness, extraversion, and pain adaptation remained the
same, meaning that trait mindfulness and adaptation (r = —0.036,
p=0.803) and extraversion and pain adaptation (r=0.031,
p=0.826) were stil not significantly correlated, but trait
mindfulness and extraversion showed a significant correlation
(r=0.330, p=0.018) (see also Table 2).

3.2 The predictive value of trait mindfulness
and extraversion for pain adaptation

Table 3 shows the results of the hierarchical regression analysis.
As shown in Model 1, neither the level of trait mindfulness
(B=-0.026, p=0.866) nor the level of extraversion (B =0.048,
p=0.754) significantly predicted the degree of pain adaptation.
As shown in Model 2, when controlling for sex, neither the level
of trait mindfulness (B=-0.055, p=0.735) nor the level of
extraversion (B =0.049, p =0.752) significantly predicts the degree
of pain adaptation.

Variables Trait mindfulness (MAAS) | Extraversion | Pain adaptation Pain stimulus
(NEO-FFI) temperature
Sex (control variable) Trait mindfulness (MAAS) 1
Extraversion (NEO-FFI) 0.330* 1
Pain adaptation —0.036 0.031 1
Pain stimulus temperature 0.005 0.042 —0.085 1
Age —0.233 —0.020 —0.066 —0.216

M, mean; MAAS, mindful attention and awareness scale; NEO-FFI, NEO five factors inventory; SD, standard deviation.

*p <0.05.

TABLE 3 Hierarchical regression analysis predicting pain adaptation from trait mindfulness, extraversion, and the mindfulness x extraversion interaction.

Variable Model 1 (predictors) Model 2 (predictors and control variable) | Model 3 (moderation model)

Sex (female =0, male=1)

2.536 (0.082) 4.158 (0.135)

Trait mindfulness —0.522 (—0.026)

—1.122 (—0.055) —0.583 (—0.029)

Extraversion 1.620 (0.048)

1.648 (0.049) 1.218 (0.036)

Trait mindfulness x extraversion

—22.301 (—0.528)**

R? 0.002 0.008 0.283
AR? 0.002 0.006 0.275
F 0.052 0.130 4.630%*
df 2, 49 3,48 4, 47

All continuous independent variables were centered (original values minus mean) before being entered into the models. Outside the brackets are the B values (unstandardized coefficient) and

inside the brackets are the f values (standardized coefficient).
**p<0.01.
#tp < 0,001,
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3.3 The moderation of the relationship
between trait mindfulness and pain
adaptation by extraversion

As shown in Model 3 (see Table 3), there was a significant

interaction between trait mindfulness and extraversion

(B=—0.528, p<0.001).

Applying the simple slope analysis (see Figure 1), we see that at
a lower level of extraversion, a higher level of trait mindfulness
predicted a degree of pain adaptation (b=9.307,

p=0.017). At a higher level of extraversion, a higher level of trait

larger

mindfulness predicted a lesser degree of pain adaptation
(b=-10.449, p=0.005), while at a medium level of extraversion,
a higher level of trait mindfulness did not significantly predict a
lesser degree of pain adaptation (b =—0.571, p=0.841).

As shown in Figure 2, the effect of trait mindfulness was
significant at values of extraversion either below —0.333, or above
0.251. Outside of these ranges, the effect was not significant.

4 Discussion

In the present study, we aimed to investigate the potential
impact of trait mindfulness and extraversion as well as their
interaction on an experimental pain adaptation process. We
found that trait mindfulness and extraversion were positively
correlated, while neither trait mindfulness nor extraversion alone
showed a significant association with pain adaptation. These

10.3389/fpain.2025.1534339

effects which still
correlated with trait mindfulness and pain stimulus temperature.

were independent of sex, significantly
However, we observed a significant interaction between trait
mindfulness and extraversion in relation to pain adaptation,
showing that the effect of mindfulness on pain adaptation is
moderated by the level of extraversion. Specifically, higher trait
mindfulness was associated with greater pain adaptation when
extraversion levels were low (below —0.333, the value was
centered by the mean), but with lesser pain adaptation when
extraversion levels were high (above 0.251, the value was
centered by the mean).

Contrary to our hypothesis, trait mindfulness was neither
significantly correlated with nor a significant predictor of pain
adaptation. This is inconsistent with previous studies that
suggested a link between trait mindfulness and either facilitation
(5) or impairment of the pain adaptation process (1). However,
while neither trait mindfulness nor extraversion significantly
predicted pain adaptation on their own, their interaction was
significant. The results of simple slope analysis and the Johnson-
Neyman technique showed that trait mindfulness significantly
predicted pain adaptation at both lower and higher levels of
extraversion but in opposite directions. This suggests that the
influence of trait mindfulness on pain adaptation is dependent
on levels of extraversion, which might explain the mixed results
in earlier research. Similarly, the level of extraversion was neither
significantly correlated with nor a predictor of pain adaptation,
but this could be explained by the significant interaction between
extraversion and mindfulness as well. Our study found that
extraversion was correlated with trait mindfulness and moderated

16
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standard deviation above the mean.

The relationship between trait mindfulness and pain adaptation at three levels of extraversion. All continuous independent variables were centered
(original values minus mean) before being entered into the models and the units for each variable were one point. The pain adaptation was
assessed by the difference between the first trials and the fifteenth trials of ratings. The relationship between trait mindfulness and pain adaptation
was examined on three levels of extraversion and levels of extraversion were defined by one standard deviation below the mean, mean, and one
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the relationship between trait mindfulness and pain adaptation,
which is consistent with our hypothesis. However, contrary to
our expectations, the moderating effect of extraversion was not
based on a negative correlation with trait mindfulness; rather, a
positive correlation was observed, suggesting that individuals
with higher extraversion are also more likely to have higher trait
mindfulness, which is also partly in line with previous studies
(22-24). This might be attributable to both traits being
associated with some positive factors, e.g., subjective well-being
and positive emotions (25, 26). Nevertheless, this combination
might be detrimental in the context of pain adaptation, leading
to lesser pain adaptation.

While our study was performed in a non-clinical sample,
in patients with chronic pain, studies have shown that
individuals with higher trait mindfulness experience less
distress and better well-being (12), and mindfulness training
is often seen as promising for pain management (40-44).
However, our findings suggest that mindfulness training
with
extraversion in managing pain, while this may not hold for

may be more beneficial for individuals lower
individuals with higher extraversion. Future clinical studies
are needed to explore this further.

Interestingly, the moderating effect of extraversion changes the
direction of how trait mindfulness influences pain adaption.

A possible explanation is that even though both mindfulness

Frontiers in Pain Research

(45, 46) and extraversion (47, 48) are attention-related traits, the
strategies for pain adaptation driven by higher trait mindfulness
and higher extraversion might contradict each other. Specifically,
for pain relief or adaptation, higher trait mindfulness may
achieve by lessening cognitive interference when remaining
attention on pain (15, 49-52), while higher extraversion might
drive a shift in attention away from pain (48). Therefore, for
pain management, mindfulness-based training may be
particularly beneficial for individuals with lower levels of
extraversion. In contrast, individuals with higher levels of
extraversion might benefit more from training that focuses on
improving their ability to effectively shift attention away from the
painful area, rather than enhancing the capacity to maintain
attention on it with acceptance and a non-reactive attitude.
However, these are only potential clinical applications of current
findings, which remain to be further examined in future clinical
studies with mindfulness-based interventions and other
distraction-based interventions.

There are some limitations of the current study. First, while
20 trials were planned for the experimental condition; however,
technical issues reduced the number of usable trials to 15.
While this reduction might introduce bias, it should be noted
that previous studies have also used 15 trials. To still evaluate
additional

of trials (see

the impact of this limitation, we conducted

analyses with an even smaller number
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Supplementary Material). The results were generally consistent,
although the prediction of trait mindfulness on pain adaptation
did not reach significance in the low extraversion condition.
Therefore, future studies should focus on different time
windows and also integrate information on additional traits.
Second, the use of thermal stimuli at a single intensity level
(80 out of 100) and the inclusion (aged from 20 to 30) and
exclusion criteria (healthy individuals without mindfulness-
based

confounding factors warrant caution when generalizing our

training experience) implemented to control for

findings to other stimulus conditions or populations. In
addition, the assessment of trait mindfulness is based on the
MAAS, which is unidimensional, i.e., focuses on the attention
aspect of mindfulness (53), based on which there may be
inconsistencies between our findings and those from other
studies. Therefore, future studies should consider validating
these results with other questionnaires measuring multiple
dimensions of mindfulness (e.g., the Five Facet Mindfulness
Questionnaire, FFMQ) (13) or additional measures such as
neurophysiological indicators, which would also provide the
to whether specific facets of trait

possibility explore
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mindfulness and extraversion are differentially associated with

pain adaptation. Furthermore, based on our literature
combing and research questions, the significant interaction
between trait mindfulness and extraversion was elaborated as
a moderating effect of extraversion on the relationship
between trait mindfulness and pain adaptation. However, trait
mindfulness as the moderator in the relationship between
extraversion and pain adaptation may also be inferred from
the same results. Nevertheless, this would not fundamentally
change our conclusions about the significant interaction of
the two traits in influencing pain adaptation. Finally, the
main focus and interest of this study is the relationship
between trait mindfulness and extraversion, as well as their
influence on pain adaptation. However, it is important to
acknowledge that the pain adaptation process may be affected
not only by these two traits but also by other traits or
psychological factors. Future research integrating a broader
range of potential determinants would be valuable in
developing a more comprehensive predictive model of the
pain adaptation process where huge individual differences

could exist (see Figure 3).
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5 Conclusion

Our study highlights the correlations between traits and their
interactions in influencing pain habituation, indicating that the
degree to which individuals with higher levels of trait
mindfulness experience greater pain adaptation depends on their
levels of extraversion. Given that altered pain adaptation has
been shown and discussed as a potential risk factor for pain
chronicity, our findings could suggest that these traits could serve
as protective factors in the development of chronic pain and
imply that mindfulness-based interventions might be especially
effective for individuals with certain traits. Future research
should further investigate these implications to improve pain

management strategies.
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