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Abstract: Previous studies have indicated a positive relationship between self-compassion and psy-
chological and emotional well-being in chronic pain populations. However, evidence on the role and
mechanisms of self-compassion in pain perception is largely limited. The current study was designed
to investigate the effects and a potential mechanism of self-compassion on experimental pain. Thirty
healthy participants underwent a compassionate self-talk protocol, which was followed by cold pain
exposure during which high-frequency heart rate variability (HF-HRV) was evaluated. The compas-
sionate self-talk protocol successfully generated compassionate statements among the participants.
Our behavioral data showed lower pain ratings in the self-compassion compared to the control condi-
tion. Moreover, self-compassion manipulation resulted in higher HF-HRV during pain, which was
associated with lower pain ratings. We present interesting findings that a short period of compas-
sionate self-talk may decrease experimental pain as well as mechanistic evidence surrounding bodily
control over pain-related arousal indicated by HF-HRV.

Perspective: This study presents the first line of evidence that a short period of compassionate
self-talk may be sufficient to reduce experimental pain. We also demonstrate increased bodily control
as a potential mechanism underlying this effect.
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elf-compassion is conceptualized as the ability to be
kind and caring toward oneself in times of suffering,
failure, or perceived inadequacy.>>*®* A number of
studies have demonstrated the role of self-compassion in
protecting emotional well-being against negative life
events.>#30-325257 |n the field of pain research, increasing
evidence has identified a positive association between self-
compassion and emotional well-being in people with
chronic pain,>'>?%6¢ while the effects of self-compassion
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on pain perception are mixed.*”> Moreover, some studies
have tried to cultivate compassion through therapeutic
interventions in chronic pain populations, in which prelimi-
nary results have demonstrated the effectiveness in reduc-
ing pain and psychological distress."*'® These studies
together indicate the potential therapeutic role of self-
compassion in coping with pain.

However, optimizing compassion-focused strategies in
chronic pain is limited by our knowledge of the effects and
mechanisms through which self-compassion reduces pain.
Current evidence relies primarily on correlational studies,
whereby experimental evidence is limited. One study
experimentally manipulated self-compassion  using
vignettes in people with chronic pain, in which a greater
ability to show self-compassion was associated with lower
negative effect, catastrophizing, and rumination.** How-
ever, the effects of self-compassion on pain perception
need to be further examined in experimental and
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observational studies.** Moreover, a recent study indicated
the particular importance of understanding the mecha-
nisms by which self-compassion decreases pain experience
as a potential avenue for research into self-compassion
and chronic pain.*®

Pain is an unpleasant experience which serves to protect
the body. The protective function of pain depends on
motor responses in which energy resources are allocated
by the autonomic nervous system (ANS).'”%>3 Painful
stimuli usually activate the sympathetic branch while sup-
press the parasympathetic branch of the ANS.*"** Auto-
nomic responses are therefore considered as an integral
component of pain and are closely associated with noci-
ception.* Self-compassion is believed to be associated
with the ability to flexibly adjust physiological and psycho-
logical responses to stress.>>°° A line of evidence has dem-
onstrated a buffering effect of self-compassion on
physiological (eg, cortisol, plasma concentrations of inter-
leukin-6) and emotional (eg, anxiety, negative affect)
responses to stress.>>'%3° Moreover, self-compassion is
associated with increased heart rate variability (HRV)
in the context of a stress, in which HRV, especially
high-frequency HRV (HF-HRV), is thought to reflect
parasympathetic activity.>>? As pain is a typical stressor,
HF-HRV may provide a means by which self-compassion
modulates the autonomic component of pain to reduce
pain perception.

The current study was designed to investigate the
effects and mechanisms of self-compassion on pain
experience. Using a ““compassionate self-talk” proto-
col,?®*? participants were asked to cope with experi-
mentally-induced pain with self-kindness, common
humanity and acceptance of self. Electrocardiogram
(ECG) was recorded to evaluate HF-HRV. We hypothe-
sized that self-compassion would result in decreased
self-reported pain and increased HF-HRV. Findings from
the experimental and mechanistic perspectives would
refine our knowledge of the analgesic properties of
self-compassion and potentially provide insights on
compassion-focused strategies in chronic pain.

Methods

Participants

Thirty healthy, pain-free, right-handed adults partici-
pated in this study. In order to reduce expectancy
effects, participants were told that the aim of the study
is to examine heartbeat response to cold water. One
participant withdrew as not being able to tolerate the
3-minute cold pain. Data from 29 participants were
therefore analyzed (15 males and 14 females, age range:
19 to 27 years, mean = 19.93, SD = 1.60). Exclusion crite-
ria included use of psychoactive medication, or a history
or current diagnosis of a psychiatric disorder, as assessed
by the Mini International Neuropsychiatric Interview.*®
All study participants provided informed consent and
the experiment was approved by the Ethics Committee
in the China West Normal University. This study was con-
ducted in accordance with the Declaration of Helsinki.
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Experimental Design and Procedure

Participants recruited to this study underwent a sin-
gle-session, within-subject design protocol. The within-
subject variable included 1) self-compassion, and 2) con-
trol condition. In total 2 condition orders were created,
which was randomized across participants with 15 par-
ticipants allocated to each order. Gender in each order
was also carefully considered in a way that each order
included 7 or 8 participants of each gender.

Following consent, participants were asked to gener-
ate 4 self-compassion statements (see below Section
"Self-compassion and Control Statements"). Participants
were then setup with the ECG recording system. Next,
participants underwent the self-compassion (or control)
manipulation using the compassionate statements gen-
erated by themselves earlier (or control statements),
which was then followed by a 3-minute cold pain expo-
sure (see below Section “Pain Stimulation™). Participants
were asked to rate pain intensity at 30 second intervals
during cold pain.

Self-Compassion and Control Statements

Previous studies have experimentally manipulated
self-compassion when faced with life stress using a com-
passionate self-talk protocol.®*? In this protocol partici-
pants were instructed to generate compassionate
sentences to console a significant other who is dealing
with a negative life event.*? The idea here is that indi-
viduals may generate their “own” or familiar compas-
sionate statements which may in turn promote self-
compassion when they faced with a life stressor. This
protocol was adapted in the current study to manipu-
late self-compassion in the experience of pain. The spe-
cific instructions were as follows:

“l am now going to ask you to imagine that one of
your dearest friends is experiencing cold pain. His or
her hand is immersed in cold water below zero
degree. The painful feelings are very strong and he
or she cannot tolerate and therefore feels bad about
him/herself. Please write four sentences that you
would use to soothe and encourage him/her, and
that express compassion, understanding, and uncon-
ditional acceptance for your friend. Please limit each
sentence to fifteen words.”

A series of 4 control statements were used in this
study, which were: "A bird is flying over the roof,” “The
store is selling fruits,” “A TV series is on air,” and “The
water level is higher after a rain.”

Experimental Protocol

Prior to painful stimulation, participants exposed the
hands in the air for at least 10 minutes to control base-
line temperature. As shown in Fig 1A, participants first
relaxed for 3 minutes while watching a fixation cross
(PowerPoint, Microsoft Corporation). The presentation
computer then displayed 1 self-compassion (or control)
statement for 10 seconds, during which participants
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Figure 1. Experimental procedure, pain delivery and ratings.
(A) Experimental procedure. An example self-compassion state-
ment was presented. (B) Pain stimulation. (C) Dynamic changes
in pain intensity during painful stimulation. Data points indi-
cate group mean pain intensity, error bars represent standard
error of the mean (SEM). SC and CON denote self-compassion
and control condition respectively.

were asked to read the statement out once. These 2 con-
ditions were performed separately in a single testing
session. The self-compassion (or control) manipulation
lasted for 2 minutes in which the 4 statements were
repeated 3 times with randomized sequence. A
reminder then popped out for 10 seconds which asked
the participants to hold a bottle filled with iced water
using the dominant hand (Fig 1B). A 3-minute cold pain
was divided into 6 consecutive 30 second blocks. In a 30
second block, participants viewed a fixation cross for 25
seconds and then rated “pain intensity at the moment” on
a scale of 0 to 10 (0 =no pain; 10 =worst pain imaginable)
in 5 seconds. Participants wrote the pain ratings on a piece
of paper that could not be seen by the experimenter to
avoid socially desirable behaviour.>* In the end of each
trial, participants dried the dominant hand with tissues
and took break for 10 minutes. In order to control
the carry-over effects by last experimental condition, par-
ticipants were asked to sketch a house image during the
10-minute break. The house image was complex, and the
participants were told to sketch as many details as they
can. All participants used up the 10-minute break for
sketching.

Pain Stimulation

A recent study has demonstrated that an iced bottle
can induce ongoing cold pain.'® In the current study,
participants were asked to hold a .5 L plastic bottle with
iced water (—1 °C £ .2 °C) with the dominant hand for 3
minutes (Fig 1B). Participants were told to put the volar
surface of the dominant hand on the surface of the bot-
tle, and not to squeeze or avoid it, to minimize the vari-
ability of touching. A fresh iced bottle was used in next
experimental condition for consistency.
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ECG Recording

ECG was recorded using a BITalino (r)evolution Board
Kit BT (BITalino, Portugal) (http:/bitalino.com/en/).
Three Ag/AgCl electrodes were used, with 2 electrodes
being attached to the bilateral clavicle area within the
rib cage respectively and 1 electrode to the lower edge
of left rib cage. Data were recorded with OpenSignals
(r)evolution software (v.2017, BlTalino, Portugal) in the
sampling rate of 1,000 Hz.

Data Analysis

Self-compassion statements post manipulation were
coded. Two experimenters (X.L. and J.L.) independently
counted the number of each self-compassion dimen-
sions®>>>® from the 4 statements provided by the partici-
pants. Discrepancies between the reviewers were solved
by consensus.

ECG data during the pain protocol were analyzed as
illustrated in Fig 2. The R points were identified from
the QRS complex using the Pan-Tompkins algorithm (Fig
2A).%° Artefacts were visually checked and edited
according to published guidelines.® The R-R-Intervals
were then derived and linearly interpolated to 4 Hz to
obtain evenly sampled signals (Fig 2B).*"" Interpolated
R-R-Interval wave was detrended using a highpass filter
with the cutoff frequency of .02 Hz*' (Fig 2C). Thereaf-
ter, HRV was calculated using the time-varying autore-
gressive (TVAR) model which can capture the dynamics
of HRV® (Fig 2D). In particular, the TVAR model is able
to provide smooth spectral components and accurate
estimation of the power spectrum.”- It has been used in
the investigation of beat-to-beat spectra during ongo-
ing pain.*’ The model order was set to 12 according to
the literature.” HF-HRV was expressed as the relative
value of high frequency component (.15—.4 Hz) in pro-
portion to the total power minus the very low frequency
component (0—.04 Hz)." Relative values of HF-HRV
emphasize the controlled and balanced behavior of the
sympathetic and parasympathetic branch of the ANS."?
In order to coincide with the dynamics of pain ratings,
HF-HRV waves were averaged to 6 bins in the same time
range of pain ratings (ie, 6 bins at 30 second intervals).

Statistical Analyses

A series of tests were performed to check the assump-
tions of using a repeated measures 2-way ANOVA. Specifi-
cally, the normality and sphericity were checked using the
Shapiro-Wilk test and the Mauchly’s Test of Sphericity
respectively on pain ratings and HF-HRV data in different
combinations of our 2 factors (ie, condition and time). For
HF-HRV data, either assumption of normality (Ps > .05) or
sphericity (P > .05) was violated. For pain ratings, each
combination of the related factors was normally distrib-
uted (Ps > .05) but the assumption of sphericity was vio-
lated (P; < .05). Therefore, adjusted results from the
Greenhouse-Geisser test were reported for pain ratings.

Using SPSS (version 23; IBM Corp, Armonk, New York),
a repeated measures 2-way ANOVA was performed to
examine the effects of condition and time, and their
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Figure 2. Analysis procedure of HF-HRV. For detail information please refer to the Methods section.

interaction on pain ratings. Condition (self-compassion,
control) and time (6 time points at 30 seconds interval)
were specified as the 2 repeated measures factors. Post-
hoc pairwise comparisons were conducted to further
explore the significant main and interaction effects,
with a Bonferroni correction and a-level set to .05. The
contrast types were set to “polynomial” which is suit-
able for within-subject factors and compares the linear
effect, quadratic effect, cubic effect, and so on.?’ See
Supplementary Material for the syntax.

HF-HRV was examined using a repeated measures 2-
way ANOVA. Condition (self-compassion, control) and
time (6 time points at 30 seconds interval) were specified
as the 2 repeated measures factors. Post hoc compari-
sons were performed with Bonferroni correction, and
the a-level was set to .05. The contrast types were also
set to “‘polynomial.”

A series of correlation analyses were performed to
investigate the association between pain changes and
HRV changes. Specifically, area under the curve (AUC) of
pain and HRV during the 3-minute pain were calculated
with the linear trapezoidal rule. The AUC approach was
employed as it provides a summary measure of the pain
or HRV dynamics across a specific time window. AUC
changes in HRV across conditions were than derived and
correlated to AUC changes in pain.

Supplementary Analyses

Although we have carefully randomized condition
orders across participants and genders, supplementary
analyses were further performed to test the effect of con-
dition order. Specifically, analysis of covariance was per-
formed on pain ratings and HF-HRV data separately, with
condition order being specified as the covariate (1 ="self-
compassion—control”; 0 = "“control— self-compassion”).

Results

Self-Compassion Statements

Among the 4 trials to generate a self-compassion
statement, 93.11% of the participants generated 4 self-
compassion statements, with the rest (6.89%) generat-
ing 3 self-compassion statements. A further analysis
showed that these self-compassion statements spread
across all the 3 dimensions of self-compassion (mindful-
ness: 33.30%; self-kindness: 38.60%; common humanity:
28.10%). These findings indicated the effectiveness of
the compassionate self-talk protocol. Examples of self-
compassion statements were: “l think you are good
enough”; “l understand your pain”; “Everybody experi-
ences pain.”

Pain Ratings

As shown in the Fig 1C, the ANOVA revealed a signifi-
cant main effect of condition for pain ratings
(F1,28=9.59, P=.004, nf, = .26). Post-hoc pairwise com-
parison indicated that pain was lower (Pgons=.004) in
the self-compassion compared to the control condition.
The ANOVA also revealed a main effect of time
(Fs,140=13.23, P=.001, 77,2) = .32). Post-hoc pairwise com-
parisons showed that, across conditions, pain intensity
increased from the start to the end of the first minute
(Pgons=.002), which then kept decreasing till the end of
the trial (Pgons=.001).

Heart Rate Variability

As shown in the Fig 3, the time-frequency maps
revealed more HF-HRV in the self-compassion (Fig 3A) rel-
ative to the control condition (Fig 3B). The ANOVA
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Figure 3. Changes in HF-HRV across the pain induction. (A)—(B) Show the time-frequency maps of frequency-based HRV in the self-
compassion and control condition respectively. Dashed lines indicate the boundaries of very low (0—.04 Hz), low (.04—.15 Hz), and
high (.15—.4 Hz) frequency component. (C) Self-compassion had higher HF-HRV than the control condition. (D) Increased HF-HRV
was associated with less pain in the self-compassion relative to the control condition. SC and CON denote self-compassion and con-

trol condition respectively. nHF denotes normalized HF-HRV.

revealed a significant main effect of condition for HF-HRV
(F4,25 = 8.84, P=.006, 775 = .24), and the Post-hoc pairwise
comparison indicated that HF-HRV ~was higher
(Pgons=.006) in the self-compassion compared to the con-
trol condition (Fig 3C). No main effect of time or condi-
tion x time interaction effect was observed (P; > .05).

Correlation Analyses
Increased HF-HRV was associated with lower pain in

the self-compassion compared to the control condition
(P=.015; Fig 3D).

Supplementary Results

In the exploration of condition order effect, analysis
of covariances revealed no main effect (P; > .05) or any
interaction effect (P, > .05) of condition order.

Discussion

Using a compassionate self-talk protocol, this study
was designed to investigate the effects and mechanism
of self-compassion on pain experience. Our results dem-
onstrated that participants could successfully generate
self-compassion statements using the self-talk protocol.
Our behavioral data showed lower pain ratings in the
self-compassion relative to the control condition. More-
over, self-compassion increased HF-HRV in the experi-
ence of pain, which was further associated with lower
pain ratings.

Our results indicated that participants could success-
fully generate compassionate statements that were

then used prior to painful administration. Moreover,
the compassionate statements spread across the 3
dimensions of self-compassion. A previous study used a
self-report measure to evaluate postmanipulation state
self-compassion.*? In this study, we carefully coded the
statements provided by the participants, which indi-
cated the efficacy of the protocol in generating compas-
sionate statements. Using compassionate self-talk, one
could become aware of the emotional tone of their
“internal dialogue” in face with pain, and consciously
treat his/herself with kindness, acceptance, and a sense
of common humanity.*? This pattern of positive mindset
may have an impact on both the subjective pain experi-
ence as well as the autonomic component of pain (dis-
cussed below).

Our data demonstrated lower pain ratings in the self-
compassion compared to the control condition (Fig 1C).
Previous studies have used correlational, questionnaire-
based designs to reveal the benefits of self-compassion
on pain experience.>'>?%4¢56 Qyr results further indi-
cated the analgesic properties of self-compassion by
experimentally manipulating self-compassion. This is
consistent with a recent study which found a positive
association between experimentally-induced self-com-
passion and psychological well-being in chronic pain
population.*® Beyond these findings, our data demon-
strated unique changes in pain intensity ratings,
whereby the literature has shown consistent relevance
in emotional or psychological well-being (eg, pain cata-
strophizing, rumination).?%%*4¢ Overall, our results pro-
vide the first line of evidence that a short period of
compassionate self-talk may be sufficient to reduce
experimental pain.
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Self-compassion also resulted in increased HF-HRV
compared to the control condition (Fig 3A—C). A line of
evidence, including 1 study from our group, has demon-
strated the positive association between self-compas-
sion and HRV.?>**° Moreover, a brief training in self-
compassion increased HRV in the experience of social
evaluative stressors.” Although these studies have used
different measures of HRV, ie, the root mean square of
successive differences,>°° respiratory sinus arrhythmia,”
and HF-HRV in our data, they are all closely and strongly
associated with cardiac vagal tone (ie, parasympathetic
tone).?® Increased HF-HRV in the self-compassion condi-
tion may indicate better bodily control over pain-
related arousal. This is further supported by the correla-
tion between increased HF-HRV and lower pain ratings
in the self-compassion relative to the control condition
(Fig 3D). Our data therefore present evidence that self-
compassion may reduce pain experience by modulating
the autonomic component of pain.

However, our findings did not rule out the possibility
that self-compassion reduces pain through other mech-
anisms (discussed below), which is then associated with
increased HF-HRV. It is difficult to fully isolate the auto-
nomic and the perceptual component of pain, future
studies using more delicate designs would be able to
provide valuable information on the causal relationship
between self-compassion, HF-HRV, and pain.

The literature also suggests some adaptive coping
strategies to link or mediate the influence of self-com-
passion on pain experience. In the literature of stress
and health, emotion regulation and cognitive recon-
structing were demonstrated to mediate the benefits of
self-compassion on mental health."?'>4#2%4% Moreover,
a short course of self-compassion intervention was able
to increase healthy self-regulation (eg, healthy impulse-
control, reductions in self-judgment) and emotional
well-being.?> However, to our knowledge, no study has
identified the mediating impact of adaptive coping in
the influence of self-compassion on pain experience.
Moreover, a larger body of research has identified the
influence of distraction on pain reduction.””***7 It is
possible that the self-compassion statements were
more distracting than the control statements in the cur-
rent investigation that modulated the effects of self-
compassion on pain ratings and HF-HRV. In addition,
there is no evidence surrounding the neural (eg, blood
oxygenation level dependent, BOLD) or endocrine (eg,
oxytocin) activities that may mediate the impact of self-
compassion on pain. Findings in these avenues may
refine our knowledge of the benefits of self-compassion
in chronic pain populations.

Findings in the current study may have implications
for pain coping. Our results indicate that a short period
of compassionate self-talk is sufficient to reduce pain.
This finding suggests that one could change the mindset
in a more compassionate fashion toward him/herself in
the experience of pain procedures, eg, a dental proce-
dure. Moreover, it provides empirical evidence for the
development of compassionate interventions in the
management of chronic pain.’*'® Using HRV, we also
demonstrate that bodily control over arousal is
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potentially one of the mechanisms underpinning the
analgesic influence of self-compassion. Future compas-
sionate interventions could incorporate elements to
manage bodily arousal in chronic pain populations.
Beyond pain coping, our results also indicate the rele-
vance and significance of self-compassion in the man-
agement of life stress, eg, examination stress, public
speaking anxiety.

There are some strengths in the research methods. We
used an ongoing pain protocol that allowed to evaluate
the dynamic modulation of pain by self-compassion.
Our results indicated that the analgesic properties of
self-compassion tended to be independent of the
phases of pain. Similarly, HF-HRV was calculated using
the TVAR model which can capture the dynamics of
HRV compared to the traditional fast Fourier transform
models.>*" We also used a distraction task to avoid
carry-over effects between experimental conditions.
There are also some limitations in the study. We pre-
sented findings in healthy participants, which may have
limitations in translating our findings to chronic pain
populations in which psychological functioning has
undergone significant changes.”>>> Although we pre-
sented reduced pain ratings that may be considered as a
large effect size (% = .26),"° the reported effect size
reflects the sample used. A different sample could pro-
duce a different effect size estimate. We also used a con-
venient, relatively small sample that consists of young
adults, results of which needed to be further validated
in a larger sample with a wider age range. It is noted
that bottled iced water was used to induce ongoing
pain in the current investigation, compared to previous
studies which used a tank filled with cold water.'*?*
One limitation of bottled iced water is the condensation
on the surface of the bottle. But we have tried to care-
fully control this by using a fresh bottle before each con-
dition and precisely controlling the timing to bring out
the bottle from the freezer. Therefore, it is not expected
to induce different pain across conditions in a systematic
fashion in our data. A recent study has also demon-
strated the effectiveness of bottle iced water in induc-
ing pain.'® In addition, general positive emotions may
have influenced the effects of self-compassion on pain
ratings and HF-HRV. Although we have controlled the
length and use of plain language in the self-compassion
and control statements, it is expected that compassion-
ate statements may induce positive emotions compared
to the control statements. Future studies may wish to
include a general positive condition to examine the
specificity of our findings and the possibility that posi-
tive emotion may mediate or modulate the influence of
self-compassion on pain perception and autonomic
component. We have also presented results in an Asian
culture, and future studies may wish to replicate these
findings in western cultures as there may be cultural dif-
ferences in self-compassion.*’

To conclude, a short period of compassionate self-talk
may be sufficient to reduce experimentally-induced
pain. We also present evidence of a potential mecha-
nism underlying the analgesic effect of self-compassion,
which is increased HF-HRV that indicates bodily control
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over pain-related arousal. Findings in the study support
the potential role of self-compassion in the manage-
ment of pain.
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