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Abstract

Background

Compassion-focused imagery (CFl) can be an effective emotion-regulation technique but
can create threat-focused responses in some individuals. However, these findings have
been based on tasks involving receiving compassion from others.

Aims
This study sought to compare responses CFl involving self-compassion to relaxation and a

control task, and to see whether any threat-responses to self-compassion and relaxation
decrease with practice.

Method

25 participants with depression/anxiety symptoms and high self-criticism and/or low self-
compassion engaged in three tasks (control task, relaxation imagery, and CFI) at three or
four separate testing sessions, every three days. Heart-rate variability (HRV) was used to
explore group-level differences between tasks. Additionally, we identified how many individ-
uals showed a clinically significant change in HRV in response to compassion (compared to
baseline) and how many showed such a change during relaxation (compared to baseline).

Results

During session 1, more individuals had a clinically significant increase in HRV in response to
CFI (56%) than in response to relaxation (44%), and fewer had a clinically significant
decrease in HRV during CFI (16%) than during relaxation (28%). Comparing the group as a
whole, no significant differences between tasks were seen. Repeated sessions led to fewer
positive responses to CFl, perhaps reflecting habituation/boredom.

Conclusions

These preliminary findings suggest thatin high self-critics (those most likely to find self-com-
passion difficult), self-compassionate imagery is no more challenging than standard relaxa-
tion tasks. For both compassion and relaxation, some individuals respond positively and
others negatively. For those who are not benefiting, practice alone is not sufficient to
improve response. Effects may differ for other compassion tasks.
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Trial registration
Trial number: NCT04647318.

Introduction

Self-criticism represents a crucial phenomenon in a variety of mental disorders [1]. It typi-
cally takes the form of invalidating or openly aggressive self-talk, which stimulates the same
neurophysiological systems as criticism generated by others [2]. As a result, highly self-criti-
cal individuals show an over-stimulated and poorly regulated threat emotional system, with
subsequent negative affectivity and underdeveloped capacities for emotional regulation [3,
4]. Self-criticism shows positive associations with symptoms of depression, eating disorders,
social anxiety disorder, and personality disorders as well as psychotic symptoms and inter-
personal problems [1]. Whilst most studies on these relationships are correlational, longitu-
dinal studies support the idea that self-criticism plays a causal role in depression and anxiety
[1].

Opver the past 20 years, several interventions aiming at increasing compassion and self-com-
passion as an antidote to self-criticism have been developed [5]. One of the most empirically
validated is Compassion Focused Therapy (CFT [6]). CFT has proposed a model of affect regu-
lation involving three evolved emotional systems: the threat and self-protection system, the
drive and resource-seeking system, and the soothing system. Some emotional difficulties such
as high shame and self-criticism can be conceptualized as stemming from a threat system that
has been defensively hyperactivated by interpersonal traumas such as abuse, bullying, or high
expressed emotion in the family of origin [7, 8]. CFT conceptualizes another cause of emo-
tional difficulties as an under-activated soothing system. Evidence suggests that parental
warmth and affection activates the soothing system to enable infants to emotionally regulate
threat-focused emotions such as fear, anger and disgust [9, 10]. Adults who have had positive
caregiving experiences emotionally regulate by activating memories, emotions or schemas of
support, encouragement and validation. In contrast, a lack of parental warmth and affection in
infancy is associated with difficulties with self-soothing [11].

The primary aim of CFT is to increase acceptance and compassion for one’s own suffering
in order to generate a self-soothing response [12]. Self-soothing operates through the stimula-
tion of particular types of positive affect (contentment, safeness, lovability, serenity; [13]), and
through increased activity of the vagus nerve and corresponding higher heart rate variability
[14, 15]. A recent meta-analysis suggested that compassion-based interventions hold promise
as a form of intervention to reduce depression, anxiety, and psychological distress and increase
well-being [5].

Compassion focused techniques

Compassion-focused imagery (CFI) is a key technique in CFT, which involves visualizing
compassion towards others, or imagining people, places or objects directing compassion
towards oneself [16]. The technique is supported by evidence that mental images can evoke
greater emotional responses than verbal representations [17]. CFI aims to activate affiliative
positive affect and to create long-lasting change by helping the client practice their ‘compas-
sionate self” and integrate this into their sense of self-identity, so that it shapes future patterns
of thinking, behaving, feeling and attention [6]. Single trials of CFI in non- or sub-clinical
populations have shown a reduction of negative affect, an increase in self-esteem, and
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physiological changes associated with the attenuation of threat-defensive behaviors [18-20].
Regular CFI practice has increased self-compassion and reduced negative affect in clinical and
non-clinical populations [20-23].

Other studies have found that compassion-focused interventions impact positive affect
more than negative affect [24]. Such findings reflect theories arguing that distinct physiological
processes underlie feelings of threat and safeness, and that compassion focused practices work
directly on activating soothing positive affect [6]. As discussed by Petrocchi et al., [19]: “Differ-
ently from positive reappraisal and cognitive restructuring, which are mostly aimed to ‘restruc-
ture’ and change the very content of the self-critical process (e.g. T'm not so bad; I don’t have
enough evidence supporting this negative assumption about myself’), thus improving negative
affect, compassion-focused coping may provide individuals with an effective way to accept
negative emotions, which might not be directly impacted by the intervention” (p. 534).

Despite these promising findings, negative reactions to CFI have been observed. Some indi-
viduals have shown increased stress hormone release during CFI [25], or decreased HRV indi-
cating a threat-focused response [20]. Thus, the assessment and treatment of factors that
inhibit a positive response to CFI is important. Qualitative research with clinical populations
has identified multiple inhibitors of compassion, particularly in clients with history of abuse or
neglect [26-29]. Different inhibitors may arise depending on which ‘flow’ of compassion we
experience: self-compassion, compassion from others, or compassion towards others [30, 31].
For example, individuals who fear being reliant on others will have difficulties receiving com-
passion from others; whilst self-compassion may be inhibited by feeling undeserving or believ-
ing that self-compassion will prevent attainment of high standards.

To date, almost all studies of CFI have involved imagining receiving compassion from oth-
ers [20, 23, 25]. To our knowledge two exceptions exist, one which compared self.compassion
to relaxation imagery and found no significant differences, and another which found that self-
compassion was more soothing than self-critical imagery; however, both used non-clinical
populations [32, 33]. Thus, there is a need to explore the acceptability of imagery involving
self-compassion in clinical subjects. In fact, research has shown that, among the three orienta-
tions of compassion, self-compassion shows the highest correlations with depression, anxiety,
stress and well-being [31]. Moreover, whilst negative reactions to self-compassion interven-
tions have been theorized and anecdotally reported in the self-compassion literature [34], and
examined in relation to basic values [35], so far no experimental study has investigated the
acceptability of self-compassionate imagery in a clinical population.

Whilst theories of compassion inhibitors theorize that these threat-responses are towards
compassion or affiliative relating specifically, there is also evidence to suggest that negative
responses to CFI may reflect a response to something distinct from compassion, at least in
some individuals. For example, Duarte and colleagues [25] found that high self-critics released
stress hormones when trialing CFI, but also when they imagined relaxing scenery. This could
reflect a conditioned fear response to positive affect in general, not simply affiliative emotions
generated by CFL. It could also reflect difficulties observing and tolerating emotions and bodily
sensations, since relaxing and compassionate imagery exercises typically involve mindful
attention on the body, breathing and feelings. Thus, identifying the cause of any threat-
response to CFI requires disentangling these factors.

Furthermore, whilst some studies have explored effects of repeated practice, they are limited
by reporting only group level effects [21-23]. Repeated exposure to compassion in a safe con-
text should be successful if threat responses represent task unfamiliarity or conditioned fear
towards compassion, for example due to experiencing both care and maltreatment from the
same person [6], but this requires further empirical exploration in clinical populations.
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Another limitation of current literature is its reliance on self-report data, since emotional
self-awareness can be limited in clinical populations [36]. An alternative is to use physiological
measures like heart rate variability (HRV), which represents the variation in the times between
each heartbeat and measures the dynamic balancing of the sympathetic and parasympathetic
nervous systems. Low HRV indicates a chronic state of perceived high-threat due to predomi-
nantly sympathetic activity, whilst high HRV indicates the simultaneous activity of parasympa-
thetic and sympathetic systems, and the adaptive ability to downregulate psychophysiological
arousal using the vagal nerve [15, 37, 38]. Compassion interventions aim to increase parasym-
pathetic activity and decrease sympathetic activity though giving/receiving care, and therefore
HRYV offers a useful form of measurement to assess the effectiveness of compassion focused
interventions [39]. Engaging in a 5-minute mindfulness or compassion meditation is associ-
ated with increases in both HRV and positive affect, yet prior studies have found these two out-
comes to not show strong correlations with one another [40, 41]. This has been found in other
studies and has been hypothesized to reflect low validity of self-report measures due to social
desirability bias or lack of emotional self-awareness [42].

The present study explores two empirical questions. Firstly, how clinical participants ini-
tially respond to self-compassionate imagery, and specifically, whether there is evidence of
threat-focused responses. Secondly, whether 3-4 repeated trials of self-compassionate imagery
are sufficient to reduce any threat response that may arise. We aimed to compare compassion
to relaxation, to control for elements common to both tasks (e.g. mental imagery, diaphrag-
matic breathing), given that Duarte et al. [25] found that both relaxation and compassionate
imagery produced a threat-like response for some individuals. We also compared this to a con-
trol task of reading a magazine.

Methods

Participants

Twenty-five participants (20 women) aged 18 to 35 (M = 24.8, SD = 5.2) living in Bogota,
Colombia participated in the study. They were recruited as part of a separate study offering
psychotherapy to individuals with clinical anxiety and/or depression. Therapy was begun at
the end of the present study. Participants were recruited via the social media page of a private
university, and by contacting individuals on a waitlist for a clinic offering affordable psycho-
therapy to low and middle-income people.

Inclusion criteria were (i) being >18 years old, (ii) a clinical level of depression or anxiety
on the Overall Anxiety Severity and Impairment Scale [43] or Overall Depression Severity and
Impairment Scale [44], and (iii) high self-criticism or low self-reassurance, as measured by the
Forms of Self-Criticism/Attacking and Self-Reassuring Scale [45]. Specific cut-offs are outlined
in the Measures section. Inclusion criteria (ii) and (iii) were chosen so that the sample was rep-
resentative of individuals who are typically offered CFT. We did not constrict the sample to
only one diagnosis since self-criticism/low self-compassion are transdiagnostic problems.
Exclusion criteria were screening positively for bipolar, personality disorder, or substance
dependence on the Mood Disorder Questionnaire [46], Standardised Assessment of Personal-
ity Abbreviated Scale [47] or Severity of Dependence Scale [48] (since compassion-focused
imagery without prior groundwork is contraindicated or not evidence-based for these popula-
tions), or screening positively for significant suicidal intent (since this risk could not be man-
aged in the study). In total, 76 individuals completed an initial screening questionnaire.
Twenty-five met study criteria and entered the study as participants.

Since no study to date has explored the exact hypotheses of this study, the target sample size
was set at N = 25 based upon other studies exploring effects of CFI on physiology, which have
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total samples ranging from 22 to 25 participants [20, 25] and found significant differences in
physiological measures during CFI versus control tasks.

Measures

All measures were administered in Spanish. For measures that had not been validated in Span-
ish (state affect, SAPAS), measures were translated using the standard forward-and-back trans-
lation method, with two bilingual speakers, one native British and one native Colombian
(authors 1 and 3).

Assessment measures. Heart rate variability. The physiological measurement system
BIOPAC MP150 [49] was used to collect ECG data as the primary outcome. Specifically, the
electrocardiogram amplifier module (ECG100C) was connected to the BIOPAC system to
record ECG signals during each task. A standard electrode configuration (right clavicle and
precordial site V6) was used for collecting ECG data and electrode gel was applied to increase
the conductivity between skin and electrode. ECG signals were displayed on a laptop, using
AcqKnowledge v. 4.1 [49]. The ECG signal was digitized at 2000 Hz and inspected offline
using Kubios software [50]. Successive R waves (identified by an automatic beat detection
algorithm) were visually inspected, and any irregularities were edited. A time domain index of
HRYV, the Root mean square of successive differences between heartbeats (RMSSD) was then
obtained for baseline, induction and each experimental condition using HRV Analysis Soft-
ware [51]. RMSSD is obtained by calculating each successive time difference between heart-
beats in ms, squaring each value, and then finding the square root of the average of the total.
RMSSD was chosen because, according to the Task Force guidelines [52], it reflects the integ-
rity of vagus nerve-mediated autonomic control of the heart. Additionally, unlike high fre-
quency (HF) measures, a cut-off for clinically-significant change has been proposed (see
Analysis section).

State affect was measured immediately before and after the compassion-focused imagery as a
secondary outcome. Positive affect was measured with two items from the Relaxed positive affect
scale (calm, relaxed) by Gilbert and colleagues [13] and with two items from their Safe/warmth
positive affect scale (safe, content). These were combined into one soothing positive affect scale as
it produced excellent internal consistency (o = 0.91). Negative affect was measured with four
items selected to tap into threat-focused emotions (anxious, distressed, vulnerable, insecure) and
showed excellent internal consistency (o = 0.90). Participants rated on a 10-point scale to what
extent they were experiencing each feeling at that moment, from 1 =“none” to 10 =“extremely”,
producing total scores from 4-40 for negative affect and positive affect.

Screening measures. Overall Anxiety Severity and Impairment Scale (OASIS; [43]) is a
5-item self-report scale that evaluates anxiety frequency, intensity, behavioral avoidance, and
functional impairment. Items are scored on a five-point Likert scale from 0-4, producing a
total score from 0 to 20, with higher scores indicating greater anxiety. A score of >8 is indica-
tive of clinically significant symptoms of anxiety. For this study the Colombian validation was
used, which produced excellent internal consistency (o = .92) [44].

Overall Depression Severity and Impairment Scale (ODSIS; [45]) consists of five items
equivalent to those of the OASIS but assessing effects of depression. Items are also scored from
0-4. A score of >8 is indicative of clinically significant symptoms of r depression. This study
used the Colombian validation, which produced high internal consistency (o = .89) [44]).

Forms of Self-Criticism/Attacking and Self-Reassuring Scale (FSCRS, [53])

The FSCRS consists of 22 items rated on 5-point Likert scales, making up three components:
self-inadequacy; self-hatred; and self-reassurance (ability to reassure oneself during
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difficulties). Factor analysis indicates that a three-factor model best fits the data; although self-
inadequacy and self-hatred correlate highly [53]). The present study used a validated Spanish
translation of the scale [54] which found moderate to high internal consistency for all subscales
(oo =.71 to o = .88). Participants were required to score >24 on self-inadequacy, > 8 on self-
hatred, or <18 on self-reassurance. These cut-offs correspond to 0.5 SD above the mean in
self-inadequacy/self-hatred, and 0.5 SD below the mean on self-reassurance, based on a valida-
tion of the FSCRS in Colombia [55].

Mood Disorder Questionnaire (MDQ, [46]) is a self-report screen for bipolar disorder,
with a sensitivity of 0.73 and a specificity of 0.90 for identifying a diagnosis of bipolar [46].
Question 1 contains 13 dichotomous items asking about lifetime prevalence of behaviours such
as being overly talkative or excessive spending. Question 2 asks whether several of these have
occurred simultaneously. Question 3 asks about how problematic such behaviors were. A posi-
tive screen is characterized by responding “Yes” to 7+ items in question 1, “yes” to question 2,
“Moderate” or “Serious” to question 3. This study used the validated Spanish version [56].

Standardised Assessment of Personality-Abbreviated Scale (SAPAS; [47]) is a self-report
screen for diagnosis of personality disorder, consisting of eight yes/no items covering topics
such as impulsivity, difficulties making friends, trusting others, losing one s temper. A cut-off
score of 4 was selected following recent recommendations, which has good sensitivity (0.83)
and specificity (0.80) for classifying a diagnosis of personality disorder [57].

Severity of Dependence Scale (SDS; [48]) is a 5-item self-report screen for substance use.
Items enquire about respondents’ perception of control and concern regarding substance use
over the last 12 months, and are rated from 0 (never/almost never) to 3 (always/almost always).
A cut-off score of 3 was selected for alcohol, which produces good sensitivity (72%) and speci-
ficity (86%) [58] and 5 for other substances, following standard guidelines [48]. The Spanish
validation was used for this study [59].

Suicidality. Participants completed a self-report screen with the following items: “On a scale
of 1 to 7, what is your intent to end your life right now?” from 1 (low) to 7 (high), and “Are
you uncertain about being able to control suicidal impulses?” (Yes/No). Participants were
excluded for responding >5 on item 1 or “yes” to item 2 [60].

Procedure

All procedures were performed in accordance with the Ethical Principles of Psychologists and
Code of Conduct as set out by the BABCP and BPS. Informed consent was obtained from all
individual participants included in the study. Required ethical approval was obtained from the
University of the Andes ethics committee.

Recruitment and data collection were carried out between September 2018 and October
2019. Participants completed an initial screening questionnaire online that consisted of read-
ing the study information and completing informed consent, demographics questions, and all
questionnaires described in measures. Non-eligible participants were given details for other
psychological services.

Eligible participants were invited to attend individual in-person sessions on university
premises, in which physiological and self-report responses were collected. Participant flow is
presented in Fig 1. The three participants who dropped out cited external factors such as
work/caring commitments or physical illness. HRV data was lost for two participants at ses-
sion 3 due to file corruptions and affect data for one participant at session 2 was mislaid (see
Fig 1). At session 3, participants were randomly assigned to attend none or one additional ses-
sion (i.e. 3-4 sessions in total). Collecting four datapoints offers more information but was pre-
dicted to increase dropout prior to clients receiving the subsequent therapy for a related trial.
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[ Enrollment ] Assessed for eligibility (n=76)

Excluded (n=51)
+ Not meeting inclusion criteria (n=49)
+ Declined to participate (n=2)

[ Intervention ]

v

Session 1 (day 1) Analysis of session 1 ]
Received intervention (n=25) Analysed following study
completion (n=25)

——— | Dropped out following session 1 (n=3)

A

Session 2 (day 4)

Received intervention (n=22)

Session 3 (day 7)

Received intervention (n=22)

[ 2:1 Randomization ]

1
,, l

Allocated to 0 further sessions (n=14) Session 4 (day 10)
Allocated to 4t testing session (n=8)
+ Received allocated intervention (n= 8)

v v

Analysed (n=14) [ Analysis over time ] Analysed (n=8)
+ HRV data was corrupted for P24 at + HRV data was corrupted for P8 at session 3
session 3 so was excluded from clinically- so was excluded from clinically-significant
significant change analysis for that session change analysis for that session only
only
+ Affect data was mislaid for P22 at session 2
so was excluded from reliable change
analysis for that session

Fig 1. CONSORT diagram.
https://doi.org/10.1371/journal.pone.0272198.9001

Therefore, a randomization sequence was drawn up in Excel 2016 by Author 1 prior to the
study starting, with a 2:1 ratio for 3 or 4 sessions respectively. Randomization was conducted
at session 3 so that prior dropout did not unbalance the allocation. Author 1 (who did not
have access to participant data at the time) placed participants into the randomization
sequence chronologically, based on study entry date/time. Of the 22 participants who attended
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PRE POST
State affect State affect
assessment assessment
4-minute 4-minute 4-minute
control task - relaxation imagery — self-compassion imagery ®

_______@________.

I ECG continuously recorded I

Fig 2. Outline of one experimental session.

https://doi.org/10.1371/journal.pone.0272198.9002

session 3, eight participants were assigned to four baselines (see Fig 1). Those assigned to three
baselines were not assessed further. Missing data is outlined in Fig 1.

Participants were asked to avoid exercising, drinking alcohol/caffeine, smoking nicotine
and eating during the two hours prior to each testing session, since these are possible con-
founds to HRV measurements. We also confirmed each session that participants had not
made any medication changes. HRV was measured by a research assistant whilst the partici-
pant engaged in three 4-minute activities, always in the following order: (i) reading a local city
culture magazine (control task), (ii) engaging in relaxation imagery involving walking through
a forest or on a beach, and (iii) engaging in self-compassion imagery. The order remained con-
stant to prevent the effects of CFI from contaminating the relaxation task. An outline of one
experimental session is illustrated in Fig 2.

The 4-minute relaxation imagery involved the following components (i) closing one’s eyes,
breathing deeply and bringing mindful awareness to the breath, (ii) relaxing the body and
releasing tension, (iii) multisensory mental imagery of a beach or a forest (this alternated each
session), for example, seeing sparkling water, feeling warm sand underfoot, hearing waves and
smelling salty air, before settling down on a chair to further absorb the scene, (iv) noticing feel-
ings of relaxation that may arise.

The 4-minute self-compassion imagery script involved the following components: (i) inform-
ing participants that showing ourselves self-compassion is an effective emotional-regulation tool,
and that it does not matter whether or not we believe ourselves to have the characteristics for
being compassionate, the important thing is to imagine that we have themy; (ii) closing one s eyes,
putting a hand on the heart, breathing deeply and attending mindfully to the breath, (iii) imagin-
ing oneself embodying the four characteristics of compassion according to Gilbert [6]: wisdom
(knowing that making mistakes is human nature, that life is hard, and that kind encouragement
is more effective than criticism), strength (to tolerate emotions and accept mistakes), warmth
(e.g. tone of voice, facial expression), and commitment to alleviate and prevent suffering; (iv)
imagine wishing oneself happy, at peace, and free of suffering using a warm voice tone, (v) notic-
ing the feelings that arise. The original script is provided in S1 Text. Audio-recordings of scripts
were used for both imagery exercises to increase homogeneity across applications.

Research assistants were not blinded to task type (as they were present in the room to collect
HRYV data) or to session number (as only two research assistants collected all data so were
aware of how many sessions participants had already attended); however, all data was collected
via self-report or physiological measures. The trial was registered retrospectively at clinical-
trials.gov (NCT04647318).
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Data analysis

Data are publicly available through Open Science Framework (https://osf.io/jpgzm/?view_
only=a9acf35e1f1246bdb9a5b22b3c091050). The analyses were carried out using SPSS Version
24 [61]. An alpha level of .05 was used for all statistical tests, except where highlighted.

First, a one-way ANOVA was conducted to estimate differences in RMSSD during the self-
compassion imagery, relaxation imagery and control task at session 1. Paired sample t-tests
were also used to test changes in self-reported affect from pre-CFI to post-CFI (as noted in
Methods, affect was not measured during the two other tasks to avoid respondent fatigue).
Cohen s d was used to report effect sizes.

Group-level analyses can often mask important clinical information: for example, they do
not distinguish a situation where some participants show strong threat-responses and others
show strong positive responses from a situation where all participants show little change. Reli-
able or clinically-significant change analyses can offer useful insights at an individual level. A
reliable change index (RCI; [62]) determines whether individual change scores are statistically
significant (greater than a difference that could have occurred due to random measurement
error alone) and is commonly used with self-report scale data. It is computed by dividing the
difference between the pretreatment and posttreatment scores (in this case, immediately pre-
and post-CFI) by the standard error of the difference between the two scores. For this study,
we calculated an RCI of 6.45 for positive affect (using Mpre = 20.42, Mpost = 22.50,

SDpre = 7.76, o. = 0.91) and an RCI of 8.41 for negative affect (using Mpre = 19.8,

Mpost = 15.9, SDpre = 9.59,0. = 0.90), which represents the minimum change score required
to conclude statistical significance. Change scores for each participant at each session were cal-
culated by subtracting pre-CFI affect from post-CFI affect, and were compared against the
RClIs. For example, a client scoring 13 in positive affect pre-CFI and 20 post-CFI would have a
change score of +7, representing a clinically-significant improvement (>6.45).

Reliable change is not suitable for analyzing HRV data since internal consistency cannot be
calculated. Instead, we calculated how many individuals showed a clinically-significant HRV
response for each session, which we defined as 5ms change in RMSSD during the experimental
task (CFI or relaxation) compared to the control task. This value was drawn from literature on
the differences in baseline levels of HRV between healthy controls and patients with depressive
disorder [63, 64]. RMSSD provides an index in a common metric (milliseconds) and is well
suited for use as a biomarker in a clinical setting [65]. The number of positive and negative
clinically-significant responses were compared (i) between relaxation and compassion at ses-
sion 1 in order to compare effects of both tasks, and (ii) over four sessions for both relaxation
and for compassion, to evaluate whether repeated sessions improved response to each task.
Facet wraps for both HRV and affect data were prepared in order to illustrate the variation in
individual responses over time.

We tested the following hypotheses (H1) At session 1, group mean HRV will be lower
during the control task than for both CFI and relaxation imagery; (H2) Examining individ-
ual HRV data, fewer individuals will show a clinically-significant negative response to com-
passion than to relaxation at each testing session (defined as 5ms lower than their HRV
during a control task) and equally, more individuals will show a positive response to com-
passion than to relaxation; (3) Over time, the number of individuals showing a clinically-
significant negative HRV response to CFI and relaxation will decrease, and finally (4)
Regarding self-reported affect (which was only measured during CFI), group means will
demonstrate a pre-post improvement during CFI sessions in positive affect. Due to previous
conflicting findings we did not make a hypothesis regarding whether negative affect would
significantly change.
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Results

Hypothesis 1: At session 1, group mean HRV will be similar for CFI and
relaxation imagery, but will be lower during the control task

A one-way ANOVA indicated no significant differences between RMSSD during the three
tasks at session 1 (F(2,48) = 3.186, p = .05). Since the p-value was borderline (p = .0502), we
chose to report post-hoc t-tests with effect sizes (see Table 1). Although the difference between
self-compassion and relaxation RMSSD showed a medium effect-size (p = .038, d = .44), none
of the comparisons were significant at the o. = .01 level (chosen to correct for multiple testing).

Hypothesis 2: Fewer individuals will show a clinically-significant negative
HRYV response to compassion than to relaxation at each testing session
(defined as 5ms lower than their HRV during a control task) and equally,
more individuals will show a positive response s to compassion than to
relaxation; AND Hypothesis 3: Over time, the number of individuals
showing a clinically-significant negative HRV response to CFI or relaxation
will decrease

Although three participants dropped out after session 1, all of them showed a more positive
physiological response to compassionate imagery compared to the control task. Thus, dropout
does not seem to be associated with distress from the compassion task.

Table 2 presents the number of participants who showed a clinically significant change in
HRV during CFI or relaxation (compared to control). Over time, for both CFI and relaxation
imagery, the number of clinically significant positive responses decreased whilst the number of
clinically significant negative responses increased, indicating that participants experienced less
benefit to both exercises over time. CFI produced more clinically significant positive responses
than did relaxation imagery, in all moments except session 3. At all sessions, CFI produced
fewer or equal numbers of clinically significant negative responses than did relaxation imagery.
Examining the four participants who had clinically significant negative HRV responses to CFI
at session 1, two showed positive responses at their final session (P8 and P2), P5 showed a
non-clinically-significant response, and P22 showed a negative response. This indicates that
initial poor-responders can subsequently experience benefits from CFI, even though at a
group level practice does not improve outcomes.

Typically, the subset of individuals responding positively/negatively to CFI were similar to
the subset of those responding positively/negatively to relaxation, suggesting that reasons for
poor outcomes might be common to both tasks. For example, of the 11 who responded posi-
tively to relaxation at time 1, 10 had also responded positively to CFI. Of the 4 who responded
negatively to CFI at time 1, all 4 also responded negatively to relaxation.

Table 1. T-tests comparing RMSSD during three tasks.

Pair Variables Mean
1 Self-compassion 61.80
Relaxation 45.44
2 Self-compassion 61.80
Control 48.48
3 Relaxation 45.44
Control 48.48

https://doi.org/10.1371/journal.pone.0272198.t001

SD t df p 95% CI d
40.29 2.200 24 038 1.01 to 31.72 0.44
25.00

40.29 1.735 24 .096 -2.531029.19 0.34
32.65

25.00 570 24 574 -7.95 t0 14.02 0.11
32.65
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Table 2. Number and % of participants demonstrating a clinically-significant difference on RMSSD HRV (comparing compassion or relaxation task to control).

CFI (compared to control condition)

Relaxation (compared to control condition)

Note: CFI = compassion-focused imagery.

Session 1 2 3 4

Total N available 25 22 20° 8
N (%) of clinically significant positive responses | 14 (56.0%) 9 (40.91%) 3 (15.0%) 3 (37.58%)
N (%) of clinically significant negative responses 4 (16.0%) 5(22.7%) 6 (30.0%) 2 (25.0%)
N (%) of clinically significant positive responses | 11 (44.0%) 7 (31.8%) 5 (25.0%) 3 (37.5%)
N (%) of clinically significant negative responses 7 (28.0%) 6 (27.3%) 6 (30.0%) 3 (37.5%)

22 participants attended session 3 but their HRV data was corrupted (see Consort diagram) so could not be analysed.

https://doi.org/10.1371/journal.pone.0272198.t002

Fig 3 shows HRV responses to CFI, relaxation and the control task over time for the 22 par-
ticipants who attended multiple sessions. Whilst some participants show considerable variance
over time, much of this reflects task external factors such as sleep or food intake, since partici-
pants usually show this variance over time in all conditions (including the control task).

Hypothesis 4: Group means will demonstrate a pre-post improvement
during CFI sessions in positive affect. (No hypothesis was made regarding
negative affect due to previous conflicting findings)

Self-report data indicated that across all participants, self-compassionate imagery had a small-
to-medium-size effect on positive affect (d = 0.40), producing a close-to-significant increase
(t(24) =-1.983, p =.059, 95% CI -5.38 to 0.11) from pre (M = 19.84, SD = 7.31) to post-imagery
(M =22.48, SD = 7.83). In contrast, CFI had a trivial effect on negative affect (d = 0.02), pro-
ducing a non-significant increase (#(24) = 0.087, p = .931, 95% CI -4.95 to 4.55) from pre-

(M = 24.04, SD = 12.58) to post-imagery (M = 24.24, SD = 12.88).

Fig 4 displays a facet wrap of self-report affect change scores during CFI, for all participants
who attended multiple sessions. Findings indicated that the proportion of participants show-
ing reliable change was relatively stable over time. Specifically, CFI was associated with a reli-
able increase in self-reported positive affect in 23.1% of participants at time 1, 21.7% of
participants at time 2, and 26.1% of participants at time 3. It was associated with a reliable
increase in negative affect in 11.5% of participants at time 1, 8.7% of participants at time 2, and
8.7% of participants at time 3.

Discussion

The present study evaluated how a clinical population with high self-criticism and/or low self-
compassion responded to self-compassionate imagery over time, compared to relaxation
imagery and a control task. Hypotheses 1, 3 and 4 were not supported; but Hypothesis 2 was
supported. Below, results are discussed in further detail.

Findings did not support Hypothesis 1 since at the initial session, no between-task differ-
ences were seen (although a trend in the expected direction was seen for self-compassion,
which produced higher HRV than both relaxation and control tasks). The non-significant
findings may reflect the small sample size, high variance of HRV between participants, and the
fact that some individuals in session 1 responded positively to the two therapeutic tasks and
others neutrally or negatively (see Table 2), thus producing non-significant differences at a
group-level analysis. This corroborates previous studies in that whilst relaxation and compas-
sion may stimulate the parasympathetic system in some individuals, it may produce a threat
response in others, at least in clinical samples.
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Fig 3. RMSSD HRYV responses to CFI and control task over time, for participants who attended multiple sessions (N = 22). Note: X-axis represents
sessions over time; Y-axis represents RMSSD HRV.

https://doi.org/10.1371/journal.pone.0272198.9003

Hypothesis 2 was supported, since at each session a greater number of individuals showed
positive responses to both compassion and to relaxation, and fewer number of individuals
showed a negative response to compassion compared to relaxation. Specifically, at the first
assessment, clinically-significant increases in HRV was found in 56% of participants, which
was more than the proportion that showed a clinically-significant positive response to relaxa-
tion imagery (44%). Furthermore, fewer participants showed a clinically-significant negative
response to self-compassionate imagery (16%) than to relaxation (28%).
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line) and below 0 for negative affect (black line).

Positive affect change

https://doi.org/10.1371/journal.pone.0272198.9004

Together, these results indicate that self-compassion imagery is at least as acceptable as
commonly-used relaxation exercises—even for individuals with characteristics that make
them most at risk for showing threat-responses to compassion [55]. Thus, whilst clinicians
should be alert to possible threat-responses to compassion-focused imagery, our preliminary
results suggest that a short self-compassion imagery is less threat-provoking than relaxation,
another widely used therapeutic task. Other studies have also noted that relaxation can occa-

sionally be threatening and generate an aversive experience of loss of control [66].

Given that there were no significant differences at the group level, we cannot hypothesize
whether the mechanisms that triggered a positive or negative response in clients are the same
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or different across the two therapeutic tasks of compassion and relaxation. CFI has been
hypothesized to specifically activate care-based motivation of compassion, rooted in evolution-
arily developed brain systems that humans share with other mammals and linked to the mye-
linated vagus nerve [67, 68], which in turn inhibits sympathetically driven threat-defensive
behaviours (e.g., fight/flight) and hypothalamic-pituitary-adrenal (HPA) axis activity [14, 15].
In comparison, relaxation does not necessarily comprise elements of affiliation and caring.
Nonetheless, further physiological and neuropsychological research with larger samples will be
required to determine the exact impact of each task on the brain and body.

Responses over time

In contrast to Hypothesis 3, for both compassion and relaxation exercises, HRV data indicated
a decreasing number of clinically-significant positive responses over the 3-4 sessions and an
increasing number of reliably negative responses. This trend was more pronounced for CFI
than relaxation. One possible explanation for this result is that it reflects boredom due to habit-
uation, which may have been lower in the relaxation condition since it used forest and beach
scenes alternately, whilst the CFI task was left unchanged. Clinicians might consider helping
clients try different variations of a therapy task to avoid habituation during repeated home-
work sessions; although admittedly, boredom or frustration may have been inflated in the cur-
rent context due to doing the task at pre-scheduled hours, rather than when a client might
choose to practice. Repeated exposures seem not to be effective in reducing threat responses
that might potentially arise during self-compassion imagery. This finding is in line with com-
passion-focused psychotherapy approaches, such as Compassion Focused Therapy, which high-
lights the importance of helping the client understand the nature and the origin of the
resistances to specific flows of compassion and work compassionately with these inhibitors [30].

Self-reported affect outcomes

Regarding hypothesis 4, self-compassionate imagery was not associated with a significant dif-
ference in negative or positive affect in session 1. Nonetheless, the effect size for positive affect
was small-to-medium-sized and showed a trend in the expected direction. Larger samples
might be useful to test this further.

Self-report affect data largely indicated little change over sequential sessions, corroborating
the physiological data discussed previously. As Fig 4 illustrates, most participants remained rel-
atively stable over time, including those who responded well to CFI, as defined by self-reported
increases in positive affect and decreases in negative affect during the exercise (P2, P11, P13,
P15, P17, P19, and P23); as well as those who responded poorly (P4, P6, P24). A few showed
worsening response over time (P3, P14, P20, P22), with more pronounced changes in negative
affect than in positive affect, which may reflect boredom due to habituation as previously dis-
cussed. A minority showed improvement over time (P10, P21, P25), again with more pro-
nounced changes in negative affect, which might reflect a decreased threat response.

Limitations

The sample was small, relatively young and predominantly female, reflecting the study s uni-
versity location and cultural gender norms of help-seeking. Findings are therefore preliminary
and replication with a larger and more representative sample is warranted. Whilst positive
affect items were drawn from a validated measure, the negative affect measure was not, since
validated measures of state affect either measure overly-generic negative affect [69], or measure
fear with words that may be too intense to pick up changes in this study, e.g. “scared”,
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“frightened”, “afraid” [70]. As noted previously, self-report affect measures were not applied
during relaxation to avoid participant fatigue, thus cannot be used to compare tasks.

The response to the control task (reading a city culture magazine) varied considerably
between sessions (see Fig 3), which might reflect varying ability to concentrate on the task or
be motivated by it, as well as task-external factors (food intake, sleep). It is unclear whether a
different control task would provide a more constant baseline. This study specifically selected
a compassion task involving only self-fo-self relating. Results cannot be generalized to tasks
involving (imagining) receiving compassion from others or giving to others, as these tasks
may trigger other fears or inhibitors. All participants received compassion following relaxation
to prevent compassion contaminating the relaxation task, since compassion includes elements
of relaxation but not vice versa. Therefore, when comparing relaxation and compassion
directly, it should be acknowledged that the compassion task may reflect this.

The compassion task in our study focused on willing oneself to be calm and well, in line
with loving-kindness meditations [71] and alluded to general suffering (reminding partici-
pants that “life can be difficult”, “we all make mistakes”, and suggesting they “tolerate your dif-
ficulties and emotions”). However, it did not ask participants to bring to mind a specific
moment of suffering, to avoid introducing significant negative affect not triggered by the relax-
ation exercise. Some key compassion thinkers (e.g. Paul Gilbert, Thupten Jinpa) argue that a
key element of compassion is awareness of suffering [71], thus, our findings may differ from
exercises that include this element. Interestingly, one study found self-compassion to be more
effective under higher distress because participants felt more deserving of it [72], so including
awareness of suffering might actually enhance compassion effectiveness.

Conclusions

Threat-based responses to compassionate exercises are sometimes viewed as a reason to not
assign them to clients. The present study offers preliminary evidence that self-compassion is
no more threatening than relaxation imagery, a task which is widely applied without therapeu-
tic groundwork, even for clients most likely to respond poorly to compassion. It may be that
non-specific elements such as attending to breath or conjuring mental imagery may sometimes
be at the root of these negative responses. Repeated practice of the same exercise often pro-
duces unchanged or worsening responses, rather than improvement. Habituation to exercises
may be lessened if clients can personalize exercises or alternate between different ones, as in
real therapy contexts. However, these findings also emphasize the need to respond in novel
ways when clients struggle with compassion, since prescribing continued practice is unlikely
to help. Current available techniques include guided discovery around inhibitors, exploration
of past traumatic experiences, and practice of other supporting skills such as mindfulness (e.g.
Gilbert, 2009). Further research will be able to illuminate the most effective ways to overcome
these inhibitors, depending on client needs.
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