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ABSTRACT
In recent years, increasing interest has been devoted to the physiological basis of self and other-
oriented compassion. Heart rate variability (HRV) represents a promising candidate for such a role,
given its association with soothing emotions and context appropriate prefrontal inhibitory control
over threat-defensive responses. The aim of this study was to meta-analyze available studies on the
association between compassion and HRV. Random-effect models were used. The analysis
performed on sixteen studies that met inclusion criteria, yielded a significant association with a
medium effect size (g = .54 95% CI [.24, .84], p < .0001). Results were not influenced by
publication bias. After an extreme outlier’s exclusion, the size of the association was still larger in
studies that used time or frequency-domain indexes of vagally-mediated HRV compared to those
that used estimates of respiratory sinus arrhythmia. Results are limited by the small number of
studies included in the meta-analysis (n = 16) and are discussed in terms of indications for future

research, given that existing data are highly heterogeneous and of poor methodological rigor.
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1. Introduction

Approximately 2 million years ago humans began to evolve a complex array of cognitive
competencies (Barrett et al., 2002). These ranged over competencies for language, new forms of
reasoning and systemic understanding, and forms of self-awareness that give rise to knowing
intentionality. For example, we can think about the consequences of our behavior on others but also
for ourselves months, even years in the future. We have new types of self-awareness and new types
of self-consciousness. Our theory of mind allows us to attribute mental states —intents, desires,
emotions, etc.— to oneself and to others, and to recognize that others have desires, intentions, and
emotions that are different from (or similar to) one's own (Luyten et al., 2020). Thus, what turns
caring into human compassion is the utilization of recent cognitive competencies for caring
motivation (Klimecki and Singer, 2017). This conceptualization helps to distinguish compassion from
other forms of mammalian caring behavior (Gilbert, 2017; Gilbert et al., 2019).

Compassion has many definitions. It has been viewed as an affective state (Goetz et al., 2010),
as a multidimensional construct (Jazaieri et al., 2013; Strauss et al., 2016), and as a motivational
system rooted in mammalian caring (Gilbert, 2014). As a motivation, compassion has been defined
in terms of a basic stimulus-response algorithm: “the sensitivity to suffering in self and others, with
a commitment to try to alleviate and prevent it” (Gilbert, 2017). Here, we take an evolutionary
approach arguing that compassion evolved from caring behavior and caring behavior evolved (partly)
as a mammalian K-selected reproductive strategy of parental investment in offspring (Brown and
Brown, 2015). This strategy evolved with an algorithm that enabled the mother to be attentive to the
needs and distress of her infant and then take appropriate action to rescue, feed or offer thermal
regulation. This is important because the algorithm facilitated the evolution of a range of
physiological processes including the hormone interplay of oxytocin and vasopressin (Carter, 2014;
Carter et al., 2017) and myelination of part of the 10" cranial nerve of the parasympathetic system,

referred to as the vagus nerve (Porges, 2017). Research has shown that compassion is different to



kindness because kindness does not require a sensitivity to suffering nor the courage of compassion
(Gilbert et al., 2019). It differs from sympathy, which is simply an automatic reaction to another’s
distress that does not involve deliberate engagement or motivation to do something; e.g., Eisenberg
et al., 1989). It differs to empathy because empathy is a competency (not an emotion) to understand
the emotions of another but empathy can be used manipulatively to support deception or even cruelty
(Bloom, 2016). Compassion belongs to the family of prosociality, but prosociality involves
cooperation and does not specifically address suffering (Gilbert, 2015).

Thus, compassion can be considered the expression of the “extended” caregiving system which
has emerged from ancient motivations to detect and respond to the need of dependent offspring.
Although there are many inhibitors of compassion along dimensions such as ingroup-outgroup,
liking-disking, trust-distrust, (e.g., we are more likely to be compassionate to people we like than
people we don't, to friends and family rather than strangers), with effort and intention, caring
motivation can be extended to the welfare of all living beings, including the self (Gilbert, 2019; Wang,
2005).

In recent years, a growing body of evidence has started to link compassion with the function of
the vagus nerve, the longest cranial nerve, which richly innervates the entire body, including the face,
the vocal apparatus, the heart, and the digestive tract (Porges, 2017; Thayer et al., 2012). There is
now very good evidence that vagal tone plays a salient role in the ability for people to both be caring
and respond to being cared for (Petrocchi and Cheli, 2019).

The calculation of heart rate variability (HRV), which is the fluctuation of instantaneous heart
period over time, provides a non-invasive proximal measure of cardiac vagal modulation (Laborde et
al., 2017). Commonly reported measures of vagally-mediated HRV (vmHRYV) include the root mean
square of successive differences (RMSSD) — a time-domain measure — and the high frequency HRV
(HF-HRV) (Laborde et. al, 2017). Moreover, the peak-to-trough (P2T) algorithm is frequently
employed to estimate respiratory sinus arrhythmia (RSA, the HRV in synchrony with respiration),

although the efficacy of using RSA estimation as a dynamic index of cardiac vagal tone remains



questionable (Lewis et al., 2012).

VmHRV has been used in many studies as a psychophysiological substrate of prosocial
behaviour (e.g., Bornemann et al., 2016), and, more specifically, compassion (Kim et al., 2020).
Indeed, it is now relatively well established that by measuring cardiac vagal tone via HRV analysis,
we can estimate the activity of specific brain areas, due to the bidirectional communication between
the heart and the brain. Using transneuronal retrograde viral labeling and spinal cord transection, Ter
Horst and Postema (1997) were able to trace the vagus nerve in brain structures mostly belonging to
the so-called Central Autonomic Network (CAN; Bennaroch, 1993), whose output goes to the heart
via the stellate ganglia. Moreover, two meta-analyses of existing studies combining neuroimaging
techniques with vmHRYV assessment (Beissner et al., 2013; Thayer et al., 2012) found that higher
resting vmHRYV is associated with greater activity in prefrontal and CAN brain regions. Further, a
recent meta-analysis suggested that non-invasive brain stimulation of the dorsolateral prefrontal
cortex (dIPFC) can significantly increase vmHRYV (Makovac et al., 2017). Hence, vmHRV may serve
as an indicator of the degree to which the PFC provides context-appropriate control over the
periphery. This is also supported by brain functional connectivity studies, in which higher vmHRYV
was associated with increased PFC functional connectivity with the amygdala and other subcortical
regions involved in autonomic control (e.g., Chang et al., 2013; Jennings et al., 2016; Makovac et al.,
2016). Notably, the same brain region that have been associated with vmHRYV also constitute the
neurobiological basis of compassion (Lamm et al., 2019 for a recent review). For example, Weng et
al. (2013) found that a compassion training increased altruistic behavior, and this was associated with
altered activation in the inferior parietal cortex, dIPFC, and its connectivity with the nucleus
accumbens.

In light of the reviewed evidence, compassion is less likely to be activated in conditions of low
vmHRYV, a state characterized by reduced availability of perceived safety (such as when threatened
or engaging in perseverative cognition), and associated with hypoactive prefrontal regulation,

hyperactive subcortical structures and the release of the default physiological defensive responses



(Brosschot et al., 2017). In the context of interpersonal motivations, higher vmHRYV has been
associated with greater engagement in social interactions (Shahrestani et al., 2014) and willingness
to approach novelty (Shook et al., 2007), less extreme evaluation of other-blame reducing anger
reaction (Leon et al., 2009), pronounced fear inhibition (Wendt et al., 2015), and adaptive functioning
in close relationships (Beffara et al., 2016), including increased metacognitive awareness and mind
reading (Lischke et al., 2017; Meessen et al., 2018), and reduced alexithymia (Lischke et al., 2018).
Moreover, individuals with high vmHRYV are more likely to recognize (Lischke et al., 2017; Quintana
et al., 2012) and remember facial expressions of others (Mattarozzi et al., 2019; Smith et al., 2011,
Wendet et al., 2018) and to regulate emotional responses towards others (Geisler et al., 2010, 2013;
Eisenberg et al., 1996; Lischke et al., 2019; Williams et al., 2015), including children’s ability to
express sympathy to other children in need (Fabes et al., 1993).

There is now considerable evidence that vmHRYV is an indicator of prosocial behavior (Kogan et
al., 2014; Kok and Fredrickson, 2010; Stellar and Keltner, 2017). For example, cooperative behavior
can be predicted by the interaction between resting vmHRYV and the environmental context (Beffara
et al., 2016 and Lischke et al., 2018a albeit only in males). Furthermore, Bornemann and colleagues
(2016) showed that training individuals in various techniques that improve vmHRYV has an impact on
prosocial behavior. This assumption is at the core of Porges’ Polyvagal Theory, which postulates that
social engagement and trust are emerging properties of the mammalian autonomic nervous system
and conceptualizes vimHRYV as a biomarker of social engagement capacities (Porges, 1998, 2003).
Indeed, infant vimHRYV appears to be a predictor of mother—child interactions, with lower infant vagal
tone associated with more disruptive interaction patterns (Porter, 2003). Moreover, individuals with
high vimHRYV are more successful in sharing and understanding the mental and emotional states of
others as they are more empathetic and less alexithymic than individuals with low vmHRYV (Lischke
et al., 2018b). In line with these findings, Svendsen et al. (2016) found higher levels of dispositional
(trait) self-compassion in individuals with higher vmHRV, and the induction of a compassionate state

triggers an increase in vmHRYV which is proportional to the increase in soothing positive affect



(Petrocchi et al., 2017b; Rockliff et al., 2008). Such association does not occur only momentarily but
increased resting vmHRYV appears also after a two-week Compassionate Mind Training (Matos et al.,
2017), aimed at cultivating compassion (both for ourselves and others).

Given such emerging research linking compassion to vmHRYV, and in response to recent efforts
to include HRV as a primary outcome measure in assessing and training compassion (Kirby et al.,
2017), the present meta-analysis aims at (i) determining the existence of an association between
compassion and increased HRV indexes of cardiac vagal tone, (ii) quantifying the strength of this
association, and (ii1) identifying plausible moderators.

2. Methods
2.1. Literature search and study selection

Two search strategies were used to systematically collect empirical studies of the association
between compassion and HRV indexes of cardiac vagal tone. First, Medline, Web of Science, and
PsychINFO databases were searched for English-language publications on human samples through
January 21% 2019 using the following keywords: (heart rate variability OR respiratory sinus
arrhythmia OR vagal OR parasympathetic OR autonomic nervous system) AND compassion. Then,
to address bias in effect sizes due to the tendency of authors to fail to report nonsignificant results
and editors’ tendency to reject papers with many nonsignificant findings, an attempt was made to
locate as many unpublished studies as possible following the recommendations of Rothstein and
Hopewell (2009). To do so, the same searches were conducted on Cochrane Library,
clinicaltrials.gov, controlled-trials.com, greylit.org, opengrey.eu, biomedcentral.com, ovid.com, and
free Google search (adding the keyword “thesis™).

Inclusion criteria for our analysis were as follows: a) age between 18 and 65 years, b) recording
of at least one time-domain or frequency-domain index of vimHRYV, or estimates of RSA, ¢) induction
of compassion or compassion assessed as a trait, and d) experimental design suitable for calculating
one or more effect sizes. Exclusion criteria included samples characterized by obesity, pregnancy or

breast feeding, current diagnosis or history of cardiovascular disease (e.g. hypertension), diabetes,



use of medications that affect the autonomic nervous system (e.g., beta-blockers).
A total of 181 results were retrieved from database searching and 41 were identified through other
sources for a total of 222 records. Comparison of the retrieved titles identified 49 studies that were
duplicates, thus leaving 173 abstracts for further evaluation (see Figure 1). The current meta-
analysis is based on data extracted from 16 studies that met the inclusion criteria, after examination
of 47 full text (see Table 1 and references marked with an asterisk in the reference list). Among the
16 studies, additional data (not published in the reviewed article but needed to calculate effect sizes
or to run moderator analyses) were received for two studies (Stellar et al., 2015; Matos et al., 2017).
2.2. Variables of interest

Time-domain indexes of HRV included the standard deviation of R-R intervals (SDNN, ms), and
the RMSSD (ms). Frequency-domain indexes of HRV included the HF-HRV (0.15-0.4 Hz, ms?).
SDNN is thought to reflect total variability (i.e., both sympathetic and vagal contribution), RMSSD
and HF-HRV are considered primary indexes of vagally-mediated HRV (Laborde et al., 2017).
Moreover, estimates of RSA (i.e., P2T method) were considered, despite controversy surrounding
their use to index cardiac vagal tone (Ecberg, 1985; Lewis et al., 2012; Laborde et al., 2017).
2.3. Coding

A standardized data coding form was developed to extract the following information from each
study: a) authors and publication year; b) study design; c) characteristics of the study sample (age,
sex, size, subgroups); d) measure used to assess compassion; €) measure used to assess vmHRYV; f)
adjusted covariates; and g) brief results. Each study (and each participant) was included only once in
one of our meta-analyses (Cooper and Patall, 2009). Each research article was read and analyzed by
two of the authors (MDB, LC). Any coding disagreements were resolved through group discussion.

For cardiac vagal tone assessment, when multiple indexes were reported (Beck et al., 2017;
Kemper et al., 2016; Kemper and Shaltout, 2011; Rycroft et al., 2016; Svendsen et al., 2016), a
hierarchical inclusion was implemented to prevent conflation of effect size estimates as follows:

RMSSD only, HF power only, next RSA only, or else SDNN only. As to the assessment of



compassion, we excluded other constructs that are associated with but are not the same as compassion
(i.e., empathy, sympathy, kindness). When both self-compassion and compassion were assessed
(Matos et al., 2017; Rycroft et al., 2016), we chose the less specific construct of compassion. To be
coded as state compassion, the assessment needed to refer to the actual moment (e.g., “right now,
how much do you feel”, usually before and after an experimental induction of compassion), whereas
trait (dispositional) compassion needed to be assessed by a self-report questionnaire inquiring about
the usual behavior (e.g., “how often you behave in the stated manner* in the Self Compassion Scale;
Neff, 2003). The quality of evidence was assessed with a modified version of the Newcastle-Ottawa
Scale (NOS; Wells et al., 2011). In our modified NOS scale, the maximum score that could be
achieved by a study was 7 stars (S1; Supplementary material).
2.4. Data analysis

For each study (or subsample of a study), we calculated a Hedges’ g effect size. Based on
conventional standards, effect sizes of g equal to .20, .50, and .80 were considered small, medium,
and large, respectively (Cohen, 1988). The g coefficient represents the strength of the association
between compassion and vagal indexes. Calculation of effect sizes was based on means, standard
deviations, difference in mean scores, P values, and sample sizes of the groups. When not presented
explicitly, the mean change in each group was obtained by subtracting the final mean from the
baseline mean. When the standard deviation (SD) of the changes was not provided, we imputed a
change-from-baseline standard deviation using a correlation coefficient as indicated by Higgins and
Green (2011): SDchange = V(SD?baseline + SD?final— (2 * Cort * SDhbaseline * SDfinat)). When only standard
errors (SE) were provided, standard deviations were obtained by applying the following formula SD
= SE * \n (Higgins and Green, 2011). When studies did not provide raw data to calculate effect sizes
and instead provided statistics (e.g., ¢ values), we applied transformation formulas to convert them to
g (Lipsey and Wilson, 2001). When a paper reported p < .05 or n. s., we computed Hedges’ g with p-
values of .045 and 1 (one-tailed), respectively, which likely yielded a highly conservative estimate of

the effect size.
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The effect sizes were computed in ProMeta Version 2.0 (Internovi). Random-effects models were
used in all the analyses as they account for the amount of variance caused by differences between
associations as well as differences among participants within associations. ProMeta also computed
95% confidence intervals (CI) around the point estimate of an effect size. The O and F statistics were
used to assess heterogeneity among studies. A significant Q value indicates a lack of homogeneity of
findings among studies. ° values of .25, .50, and .75 correspond to low, moderate, and high between-
trial heterogeneity, respectively. The problem of publication bias, due to the tendency of journals and
authors to publish studies with positive results rather than those with negative or non-significant
results, was estimated informally by using a funnel plot of effect size against standard error for
asymmetry and formally by using Begg and Mazumdar’s rank correlations, and Egger’s regression
intercept test.

We first ran the analysis including the entire set of studies and then subsequently re-ran it without
potential outliers, to examine the impact of these specific studies. Potential outliers were excluded if
they had statistically significant standardized residuals. Statistics reported in this meta-analysis
conformed to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA;
Moher et al., 2009) statement (S2; Supplementary material).

2.5. Moderator analyses

For each outcome, we examined how the size of the association varied as a function of mean age
(years), sex (% of females), country where the study was performed, study design (between- vs
within-subjects), adjustment for covariates (yes versus no), HRV indexes (RSA, time-domain HRV,
frequency-domain HRV), length of recording, type/measure of compassion (self-compassion vs
compassion), sample (psychopathological vs non), and methodological quality (0-7).

Sex was examined as a moderator in light of reported prominent sex differences in both
compassion (Yarnell et al., 2019 for a meta-analysis on self-compassion) and vmHRYV (Koenig and
Thayer, 2016; Koenig et al., 2017 for meta-analytic findings), where men have significantly higher

levels of self-compassion and lower levels of vmHRYV than women. Moreover, sex and age have
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been shown to moderate the association between self-compassion and emotional wellbeing, namely
depression and anxiety (Bluth et al., 2017), therefore the relationship between compassion and
vmHRYV (an index of emotional wellbeing) could differ according to sex and age.

Country where the study was conducted was included in the moderation analysis because
compassion can be largely influenced by cultural factors, as shown by a recent cross-cultural study
(Montero-Marin et al., 2018). Therefore, it is possible that in less socially oriented and more
individualistic countries, compassion is not associated with positive physiological effects. For
example, a study by Arimitsu et al. (2019) found different effects of compassion and self-compassion
on wellbeing in the US and in Japan. For this reason, in this meta-analysis the type of compassion
(self-oriented or other-oriented) has also been examined as a potential moderator. Given that vmHRV
has been associated both with adaptive emotion regulation and prosociality, we have no reason to
expect a different effect of self- versus other-oriented compassion. However, it is important to note
that looking at this moderator corresponds to examining the moderating role of type of assessment,
i.e., self-reported questionnaire (self-compassion was almost exclusively assessed by the Self
Compassion Scale (Neff, 2003), with the exception of Petrocchi et al., 2017a) versus experimental
induction (compassion).

It is also important to test whether the strength of the association is weaker in individuals with
psychopathological disorders, as one would expect given that several forms of psychopathology are
characterized by both reduced levels of compassion (MacBeth and Gumley, 2012 for a meta-analysis)
and decreased vmHRYV (reviewed in Beauchaine and Thayer, 2015). Since we are examining a
physiological variable, it is relevant to see if long-lasting recordings are better suited to capture the
physiological correlates of compassion compared to short laboratory assessments. Similarly, given
that this is a relatively new field of investigation, and that cardiac vagal tone has been indirectly
assessed using measures of vmHRYV and RSA, it is important to detect if a specific vagal index can
better capture the association with compassion to guide future studies and reduce methodological

heterogeneity.
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We tested the role of design as a potential moderator because whereas repeated measures designs
are the most commonly used in psychophysiological studies, but the debate continues about their
advantages over between-subjects designs. On the one hand, a within-subjects design overcomes
individual differences in physiological sensitivity; on the other it may be associated with carryover
effects across conditions (Jennings and Gianaros, 2007), and this may be particularly true for
variables like compassion that are intrinsically subjective in nature. Lastly, if the association is
substantial, higher quality studies (i.e., using adequate samples, standardized measures) and adjusting
for potential confounders should be better able to detect significant effects of compassion on indexes
of cardiac vagal tone. A minimum of 5 studies for each subgroup was required for the moderation
analysis. Continuous moderators were evaluated using meta-regression (i.e., age, sex, length of
recording, methodological quality), while categorical moderators (i.e., country where the study was
performed, study design, adjustment for covariates, sample, type/measure of compassion, cardiac
vagal index) were entered as grouping variables in the effect size calculations. For continuous
moderators, the sign of the coefficient indicates the direction of the relation between compassion and
cardiac vagal index.

3. Results

Table 1 presents the specific contrast or test that was used to extract effect sizes in the present
meta-analysis. Studies marked with an asterisk in Table 1 and Figure 2 indicate potential outliers.
The meta-analysis showed a significant association between compassion and increased indexes of

cardiac vagal tone (16 studies; 746 subjects; g = .54 95% CI[.24, .84], p < .0001), which was medium
in size. Figure 2 presents the forest plot. Significant heterogeneity was shown by the Q and 12

statistics, O (15)=117.4, p <.0001; F=872. Begg and Mazumdar’s rank correlation test excluded
the presence of a publication bias (Z = 1.26; p = .21), and this was confirmed by Egger’s test
(intercept = 2.36, t = 1.76, p = .10 and by the funnel plot (Fig. 3). Exclusion of an extreme outlier

(Luo et al., 2018) decreased the effect size (g = .40, 95% CI [.16, .64], p = .001) but not heterogeneity
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(O (14) = 68.95; p < .0001; P= 79.7). Outlier exclusion did not have any influence on publication
bias.
3.1. Moderation effects

Due to an insufficient number of studies, it was not possible to test for the effects of statistical
adjustment for confounders (only three studies controlled for potential confounders: Petrocchi et al.
2017a; study 1 and 3 in Stellar et al., 2015), and type of sample (only three studies included
psychopathological individuals: Kemper et al., 2016; Rycroft et al., 2016; Schaflein et al., 2018;
please see S3 for the results of the meta-analysis without these three studies, that is in healthy
individuals only). As illustrated in Table 2, to have a comparable number of studies in each subgroup
to reliably detect moderators’ effects, the country where the study had been performed had to be re-
coded into US versus non-US (i.e., China, Portugal, Italy, Germany, Norway, UK). Similarly, the
type of measure used to assess cardiac vagal tone had to be recoded into RSA versus time- and
frequency-domain vmHRYV.

The type of measure used to assess cardiac vagal tone was a significant moderator, O (1) = 6.23,
p = .01, with studies examining time- and frequency-domain vmHRYV measures showing a stronger
association between compassion and vmHRYV (g =.95, 95% CI [.35, 1.55], £ = 10, n = 354) compared
to those assessing RSA (g = .18, 95% CI [.07, .29], k = 6, n = 392). Only studies examining time-

and frequency-domain vmHRYV measures presented substantial heterogeneity, O (8) = 80.7, p <

.0001; 2 = 88.09. Contrasting studies conducted in the Unites States versus studies conducted
elsewhere yielded a marginally significant difference (Q (1) = 3.25, = p = .07), with a stronger
association between compassion and high vmHRYV in studies conducted outside versus within the
Unites States (g = 1.03, 95% CI [.33, 1.74], k =7, n =304 and g = .32, 95% CI [.00, .64], k =9, n
= 442, respectively). Both subgroups showed substantial heterogeneity (ps < .0001).

The study design also played a marginally significant role as a moderator, Q (1) =2.80, p = .07,
with a stronger positive association between compassion and vmHRYV in studies having a between-

subject compared to a within-subject design (g = 1.06, k=7, n =287 vs g= .34, k=9, n =459) in
14



two homogeneous sets of studies (ps < .0001). No other significant moderators emerged from sub-
group and meta-regression analyses. Outlier removal significantly changed the results of moderation
analysis: the country where the study had been performed and study design were no longer significant
moderators of the association between compassion and vmHRYV (ps > .30). The percentage of females
in the sample became a significant continuous moderator, with studies having more females being
characterized by a stronger association between compassion and high vmHRYV (£ = -.67; p = .07).
Outlier exclusion did not influence the effect of type of vmHRYV measure as a significant moderator.
4. Discussion

This meta-analysis investigated the association between compassion and cardiac vagal tone as
assessed via measures of vmHRYV or RSA. A significant positive association emerged, which was
medium in size (g = .54; small-to-medium when an extreme outlier was removed from the analysis,
g = .40). The present results suggest that cardiac vagal indexes might represent a biomarker of the
degree to which people feel a sense of safeness in and connectedness to the social environments, thus
facilitating a crucial orientation towards "acting with intentions" (i.e., taking with intentionality the
actions that will be helpful; Gilbert, 2017), which, in the case of compassion, are approach and
caregiving. The size of the effects of compassion on indexes of cardiac vagal tone seems comparable
with that of lifestyle interventions such increased physical exercise (d = .46 in Sandercock et al.,
2005), and superior to that of mindfulness-based interventions (rtMSSD: Hedges’ g = .02; SDNN:
Hedges’ g=—.55; HF: Hedges’ g =-.21 in Radmark et al., 2019). This is not surprising, if we consider
mindfulness as a competency that can be used in the service of several motivations (including, for
example, the goal to improve operational readiness and warfighter performance; Blacker et al., 2019),
whereas compassion is considered a motivation operating through care-oriented physiological
systems, biologically evolved to be threat regulators.

Interestingly, the only study that was conducted in China (Luo et al., 2018) was an extreme
positive outlier (i.e., showing a disproportionately high correlation between compassion and

vmHRYV), which influenced the size of the effect and results of the moderation analysis. This deserves

15



some attention, given that this study was also characterized by one of the highest scores in
methodological quality, leading to some hesitance in excluding it. It is possible that the high effect
size is due to cultural factors, China being a non-individualistic society, or as suggested by Shea
(2014), self-compassion being a post-revolutionary response to changing opportunities and resistance
to consumerism.

The only moderator that remained significant after the extreme outlier’s exclusion is type of
measure used to assess cardiac vagal tone. Studies assessing time- and frequency-domain vmHRV
measures were characterized by a stronger positive relationship compared to those focusing on RSA
estimation. A possible interpretation for this result is that RSA provides information about heart rate
variations that specifically accompany inspiration and expiration (Laborde et al., 2017). It has been
shown that estimates of RSA obtained with the P2T method are more affected by variations in
respiration rate and volume than other measures of vmHRYV especially when respiration slowed
(Lewis et al., 2012). Regarding vimHRYV measures, HF is deemed to reflect vagal tone only when
breathing frequency is between 9 and 24 cycles per minute (Laborde et al., 2017). Therefore, HF may
not accurately depict vagal tone at any respiratory rate below or above this interval. In comparison to
HF, RMSSD has been shown to be less affected by respiratory rate (Hill and Siebenbrock, 2009).
Thus, if compassion was associated with changes in respiratory rate and/or volume, RSA would not
accurately track changes in vagal modulation anymore. Nevertheless, it has been argued that
estimates of RSA are less related to vagal activity than HRV indexes obtained via time- and frequency
domain analysis (Lewis et al., 2012, Laborde et al., 2017), thus potentially explaining our findings.

Notably, HRV was similarly associated with being compassionate towards oneself and others.
This is not a result that should be taken for granted, given that the relationship between self and other-
oriented compassion has not always been reported and seems to vary based on sex and levels of
training experience (Lopez et al., 2018; Neff and Pommier, 2013). One can be very compassionate to
others, but reluctant to extend compassion to oneself, or one can be very compassionate to oneself

but not others (Gilbert et al., 2017). Irrespective of the weak correlation between the two constructs,
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it seems that both self and other-oriented compassion are significantly associated with the same
physiological state of increased vagal tone. This is indirectly supported by a study showing that using
a self-reflective mirror intensifies the impact of a self-compassion manipulation on vmHRYV,
suggesting that self-compassion recruits the same physiological mechanisms as compassion for others
(Petrocchi et al., 2017a). Importantly, the element of sensitivity to suffering and caring seems to be
particularly linked to increased vmHRV. For example, a very similar prosocial motivation,
cooperation, is not always connected to increased vagal tone (Sarinana-Gonzalez et al., 2019). In fact,
cooperating with someone does not necessarily imply sensitiveness to the suffering of the other and
the desire to alleviate it; nor does it imply affiliation, benevolence, or any interest in the well-being
of oneself or others (Petrocchi and Cheli, 2019).

Similarly, age did not moderate the reported association between compassion and HRV. It has to
be noted, however, that the studies included in the present meta-analysis did not comprise children
or elderly participants. The only conclusion that can be drawn from this result is that in both
adolescents and adults, higher levels of compassion are associated with increased vagal tone.

When the extreme outlier was excluded, such association was particularly true for women than
men. Sex differences might be explained by the intrinsic and mutual physiological connection
between oxytocin and vagal functioning (Carter, 2014; see also Colonnello et al., 2017 for a review).
In fact, central release of oxytocin regulates output of the vagal dorsal motor nucleus, thereby
regulating bodily functions associated with the parasympathetic nervous system (Thayer et al., 2012).

Lastly, both state (i.e., induced) and trait (i.e., dispositional) compassion were associated with
increased vagal control of the heart. This result has relevant clinical implication, pointing to the fact
that the positive consequences of compassion on the body can be achieved through practice, training,
and therapeutic interventions such as Compassion-Focused Therapy (CFT; Gilbert, 2010), aimed at
cultivating compassion both for oneself and others.

5. Limitations and conclusion

One of the most important limitations of the present study is the small number of available
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studies; likely due to the fact that the inclusion of cardiac vagal indexes in empirical research on
compassion is a relatively new approach. Fortunately, the analysis suggests that publication bias is
unlikely to have influenced our results. Although we made an effort to incorporate the so-called grey
literature, only one of the studies met the requirement to be included in the present meta-analysis
(Rycroft et al., 2016), mostly due to the lack of data needed to derive the effect size. Second, there
was a marked heterogeneity across studies, whose source was not successfully identified in subgroup
analyses. To address this limitation, random-effects models were used in the analysis. Nevertheless,
there are likely to be several other important moderators that we did not consider.

Third, there is no agreed measure for compassion, and in literature, a compassionate state has
been induced in a number of different ways. This variety of measures and methods for inducing
compassion is partly due to the difficulty of distinguishing between prosocial behavior, kindness and
compassion despite these constructs being quite different (Gilbert et al., 2019). It is also important to
keep in mind that with the exception of three studies conducted on patients with trauma (Rycroft et
al., 2016) and somatic symptoms (Kemper et al., 2016; Schaflein et al., 2018), none of the other
examined studies had a sample composed by patients with cardiovascular problems. Clearly, there is
a need for more research in this field, not only in healthy samples but also in individuals with
psychopathological disorders, preferably via analysis of cardiac vagal indexes derived from ECG
traces that last longer than the short assessment that characterizes existing studies. For example, none
of the studies included in the meta-analysis used ecological momentary assessment with concomitant
ambulatory ECG monitoring, although there are examples of studies implementing this
methodological approach to study self-compassion (e.g., in response to dietary lapses; Schumacher
et al., 2018). Moreover, we would recommend focusing on vmHRYV rather than RSA for assessment
of cardiac vagal tone. It would also be interesting to examine the putative protective effects of
compassion on vmHRYV during subsequent sleep, given evidence suggesting that the latter can be
negatively influenced by daily self-critical thinking (namely rumination and worry; e.g., Brosschot et

al., 2007). Altogether, the current pieces of evidences increase our insight into the relationship
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between compassion and vimHRYV, supporting the need of including vmHRYV as a primary outcome

measure in assessing and training compassion (Kirby et al., 2017).
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Figure Captions

Fig. 1. Flow chart showing study selection for the meta-analysis.

Fig. 2. Forest plot for the meta-analysis.

Fig. 3. Funnel plot for the meta-analysis.

Fig. 4. Results of the meta-regression analyses for: a) % of females; b) mean age; c) length of

vmHRYV assessment; d) quality of study.
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