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A B S T R A C T   

Compassion is a psychological construct that has received increasing attention in recent years. Even though a lot 
of work has been done to identify neural correlates of empathy across studies, such work has not been properly 
done on neural correlates of compassion. Therefore, the aim was to systematically review the literature on neural 
correlates of compassion. 

We have searched through PsycINFO, PubMed and Web of Science for relevant articles published between 
1985 and 2020. We included the studies (n = 35) examining the relationship between brain structure or function 
and compassion. Screening was performed by two authors, between whom a level of agreement was calculated. 
The quality of the studies was assessed by measures used in other studies as well by measures specific for our 
study aims. This study was conducted under PRISMA guidelines. 

Our analysis revealed that the most frequent neural associations with compassion across all analysed studies 
can be found in the orbital part of the left inferior frontal gyrus, in the right cerebellum, the bilateral middle 
temporal gyrus, in the bilateral insula and the right caudate nucleus. 

Our findings suggest that people displaying a lower compassion tend to have either lower neural activity or a 
grey matter volume in neural areas associated with reward.   

1. Introduction 

Together with empathy, compassion strongly influences human so
cial interactions, especially interactions when someone seems to be in 
need. Although empathy refers to sharing emotions while acknowl
edging that another person is the cause of emotions (Singer and Lamm, 
2009), compassion does not entail emotional sharing and is rather 
‘complementary social emotion elicited by witnessing the suffering of 
others and is rather associated with feelings of concern and warmth, 
linked to the motivation to help’ (Preckel et al., 2018, p. 1). 

It is assumed (Goetz et al., 2010) that the construct of compassion 
yields two components: compassion state or dispositional compassion 
(trait). A state reflects how a person is feeling or responding in the 
present moment. A trait, on the other hand, depicts a general tendency 
or how a person feels or responds most of the time (Medvedev et al., 
2021, p. 637). 

In general, compassion (both state and trait) has been recognised as 
the construct with significant evolutionary benefits. Compassion could 
evolve as the adaptive function that increases the human ability to 

effectively care for offspring and increases cooperation or prosocial 
behaviour (Di Bello et al., 2020; Gilbert, 2020; Goetz et al., 2010) and 
altruism (FeldmanHall et al., 2015). Compassionate care towards one
self and other people is supposed to foster mental health and well-being 
of the individual (Strauss et al., 2016) and compassion training could 
serve as a strategy that could prevent burnout (Klimecki et al., 2014). 
Moreover, compassion is likely to bring large practical advantages also 
in health care settings (Strauss et al., 2016), and finally fostering pa
tient's satisfaction with health care services. Because of these practical 
implications, there is a growing research interest in the associations of 
compassion with various aspects of human life (Strauss et al., 2016). 

However, despite this growing research interest (Mascaro et al., 
2020), there is still a lack of studies that would systematically describe 
the neural circuits underlying this social emotion. The need for such 
systematic review work is even larger, since the results from neuro
imaging studies examining neural substrates of compassion are incon
sistent. For example, the study of Kim et al. (2009), reported a neural 
activation during a compassion state besides other areas in the medial 
prefrontal cortex and in the inferior parietal lobe. On the contrary, 
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Immordino-Yang et al. (2009) found no activation of these areas. 
In previous years, several meta-analysis and systematic reviews (Y. 

Fan et al., 2011; Lamm et al., 2011) as well as lesion studies (Shamay- 
Tsoory, 2015) examining neural substrates of empathy have been pub
lished. However, a systematic review or meta-analytic evidence con
cerning neural correlates of compassion across different methodologies 
is still missing. So far, two meta-analyses have been published (Hou 
et al., 2017; Kim et al., 2020a). The first (Hou et al., 2017) examined 
neural correlates of trait compassion. Nevertheless, the generalizability 
of the findings from this meta-analysis is crucially limited. They also 
used as a keyword: “empathy” for the search of neural correlates of 
compassion with the justification that empathy is a similar construct to 
compassion and that the database did not contain the word “compas
sion.” This might explain the fact that their results correspond to the 
findings of studies that revealed neural activity in anterior insula and 

anterior cingulate cortex across empathy tasks, as described in the meta- 
analysis of Fan et al. (2011). 

The second meta-analysis (Kim et al., 2020a) focused on the func
tional correlates of state compassion, but only in fMRI studies. Since 
only fMRI studies were included, this study did not explore the results of 
the structural studies (e.g. structural MRI), which also provide valuable 
information about neural correlates of compassion. 

From a methodological perspective, systematic examination of 
functional neural networks underlying human behaviour usually rests 
on the analysis of the results of functional Magnetic Resonance Imaging 
(fMRI). However, the fMRI and other functional neuroimaging methods 
have one central limitation, that is, from the neural activity during a 
certain compassion task it is not possible to infer a causal connection 
(Shdo et al., 2018). Thus, a narrative synthesis of studies, which uses 
other than functional neuroimaging methods, might increase the value 
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Fig. 1. Prisma diagram and syntax.  
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of our findings. These other methods include Magnetic resonance im
aging (MRI) or Computed tomography (CT). A central characteristic of 
these methods is that they provide information about the neuroana
tomical structures associated with some experimental tasks (structural 
studies). When these methods are used to explore the relationship be
tween damaged brain structure and behaviour, they are called lesion 
studies. These studies can provide findings that are necessary and suf
ficient (Shdo et al., 2018) to infer a causal connection between brain 
structure and some behaviour, like compassion. Importantly, in lesion 
studies, it is possible to recruit and measure large cohorts (Hogeveen 
et al., 2016; Rankin et al., 2006), which makes the results from these 
studies even more informative. 

Lesion studies, fMRI, as well as structural studies have limitations 
that may be bridged by mutual integration of these approaches. For 
instance, if the fMRI studies suggests that a particular part of the brain is 
associated with compassion, by analysis of results of lesion study we 
may confirm the results of neuroimaging studies and in addition make a 
step forward and provide a causal explanation. This is why we have 
decided to integrate functional neuroimaging, structural paradigm 
(involving health subjects) and lesion studies in our analysis. To the best 
of our knowledge such integrative systematic review evidence on the 
neuronal substrates of compassion is fully lacking. Therefore, the aim of 
this systematic review is to identify the neuronal correlates of compas
sion both state and tendency. 

2. Method 

2.1. Search protocol 

In order to assure as much structure reliability as possible, we fol
lowed the recommendations of the PRISMA statement (Liberati et al., 
2009) - see the PRISMA Flow Diagram in Fig. 1. We have searched for 
relevant studies in three databases: Web of Science, PubMed, and Psy
cINFO. Because the number of studies from 1985 using structural MRI 
has started to increase dramatically (Edelman, 2014) we limited our 
search from 1985 up to July 2020. A search algorithm consisted of the 
following basic terms and their synonyms: “compassion” and “neuro
imaging”, from which the syntax for each separate database has been 
made (Fig. 1). 

In some studies, “empathy” and “compassion” are used inter
changeably (e.g. Immordino-Yang et al., 2014). Thus, in order to facil
itate the search for relevant studies, we have also searched for studies 
examining compassion by the ‘empathic concern scale’, which is part of 
the perhaps most widely used Interpersonal reactivity index (IRI) 
questionnaire developed by Davis (1983) and which is considered to 
measure compassion tendency (Lebowitz and Dovidio, 2015; Patil et al., 
2018; Shamay-Tsoory, 2015; Shamay-Tsoory and Lamm, 2018). The 
search was conducted in July 2020 by the first author (LN) assisted by 
the third (PM) according to separate syntax for each database (see list of 
syntaxes in Fig. 1). The search through the databases has been done by 
the Thesaurus in case of PsycINFO, through MeSH terms for PubMed, 
and by a combination of keywords in Web of Science. 

2.2. The selection of studies; inclusion and exclusion criteria 

As a first step, after removing duplicates using programs Zotero and 
EndNote, the first author (LN) scanned through the final list of titles and 
abstracts, trying to select the studies for eligibility assessing. During the 
same time, the third author (PM) randomly selected and assessed a 
subset of titles and abstracts (n = 414), trying to choose appropriate ones 
for eligibility evaluation. In order to explore inter-rater reliability and in 
accordance with recommendations regarding the measurement of 
agreement between raters (McHugh, 2012), we calculated both the 
percentage of agreement and Cohen's Kappa (Cohen, 1960). Kappa 
values above 0.60 are thought to reflect a substantial level of agreement 
(Landis and Koch, 1977). In case of disagreement between two authors, 

which study to include, the first author (LN) provided rationale and 
decided which study to include further into eligibility assessing (see 
Online Supplementary material: Novak et al. (2020)). The inclusion 
criteria were: 1) the study reported the association between a structure 
of the brain or brain function and either an experience of compassion or 
score in the compassion questionnaire; 2) the study included adults (i.e., 
older than 18 years) from the healthy population. Studies examining the 
non-healthy population of adults were included only if there was also a 
control group consisting of healthy adults (typical in lesion studies). In 
special cases, the authors included studies (n = 5) in which the health 
status was not reported (Online Supplementary Table 3) and the study 
was an empirical study (conference papers with empirical data were 
included); 4) the study used magnetic resonance imaging (MRI), func
tional magnetic resonance imaging (fMRI), positron emission tomogra
phy (PET) or structural magnetic resonance imaging (MRI); 

Excluded were 945 studies consisting of: 1) review articles including 
systematic reviews and meta-analysis; 2) theoretical articles, e.g. edi
torials, letters, commentaries; 3) case studies; 4) qualitative studies; 5) 
neuroimaging studies not referring to compassion; 6) compassion during 
meditation state. We also excluded studies, where the correlation be
tween compassion and neural activity in fMRI was utilized during eco
nomic decision making and studies that linked compassion with neural 
activity during economic game settings in fMRI (e.g. Ogawa et al., 
2018). Also, we excluded studies exploring neural substrates of self- 
compassion. The number of excluded studies and their reasons can be 
found in Table 1. As a second step, the first author reviewed the full text 
of the articles in order to explore whether they fit our eligibility criteria. 

2.3. Data extraction 

For each study, which passed through our eligibility criteria, the 
following information has been gathered: 1) general information 
regarding publication (e.g. title, year of publication, author names); 2) 
data concerning the study sample (e.g. number of participants, per
centage of women in the sample, ethnicity, mean age), study design and 
measures (e.g. fMRI or lesion study, compassion measure, type of 
compassion inducing paradigm) and neural correlates associated with 
compassion. If the study reported coordinates in Talairach space, we 
converted them to Montreal Neurological Institute coordinate space 
(MNI) using the Yale online converter: http://sprout022.sprout.yale. 
edu/mni2tal/mni2tal.html. Due to a large methodological divergence 
across studies, we did not perform a meta-analysis. Across studies, not 
only methodological divergence, but also different neuroanatomical 
labelling is very frequent. It is therefore likely that this large heteroge
neity of anatomical labelling would indirectly affect the results. In 
addition, it is not uncommon that in the study results, crucial 

Table 1 
Number of excluded studies with the reasons for exclusion.  

Reason for exclusion N 

Absence of neural correlates or irrelevant measure (e.g. EEG) 474 
Review, theoretical article, commentary, dissertation, case studies, meta- 

analysis, qualitative studies, theoretical article/study, review, commentary, 
ethnographic study, editorial, meta-analysis, systematic review. 

208 

Compassion has not been measured or induced 116 
Paper not focussing on Compassion but on Compassion fatigue 38 
Non–adult population 34 
Did not fit our inclusion criteria for other reasons 30 
Abstract and/or study was not found 8 
Duplicate left by program 8 
Methodological incompatibility, 

e.g. even when the compassion state has been measured, there have been 
other processes present that very likely masked neural activity during 
compassion (e.g. decision-making processes) 

6 

Compassion focused therapy 6 
Non-human 3 
Self-compassion 2  
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information about lateralization of the brain area activity during certain 
tasks is missing (e.g. Moll et al., 2007). Thus, in order to deal with both 
issues, we have decided to review peak voxel coordinates and relabel 
voxel coordinates to a more uniform form using the Automatic 
anatomical labelling atlas (Tzourio-Mazoyer et al., 2002) in MRIcron 
software (https://www.nitrc.org/projects/mricron). When a study re
ported neural activity related to different stimuli inducing compassion 
(e.g. social pain, physical pain), we reviewed peak voxel coordinates 
from the areas in which activity was overlapping across stimuli. Simi
larly, if there was a possibility to report either neural activation during 
compassion for innocent or compassion for responsible, we have re
ported neural activity during compassion for innocent. Likewise, we 
reviewed peak voxel coordinates related to compassion to sad or 
suffering faces but not to neural faces. Based on type of compassion 
inducing stimuli, studies were assigned into two categories: 1) written 
narratives; 2) video or picture observation. Consequently, neural cor
relates of compassion state between these two categories were explored. 
Descriptive statistics and other statistical calculations were performed in 
R 4.0.1 (R Core Team, 2020) using lpSolve (Berkelaar, 2020) and irr 
(Gamer et al., 2019) packages (for calculation of percentage of agree
ment and Cohen's Kappa). Confidence intervals (95%) for Kappa were 
calculated separately, according to the following formula below, where 
SD is standard error of the estimated κ: 

95CI = κ ± zα/2 SD (κ)

2.4. Study quality evaluation 

2.4.1. Data acquisition 
Theoretical articles (Preckel et al., 2018) identify the Orbitofrontal 

cortex (OFC) as one of the regions activated during compassion. How
ever, tissue-air interfaces may result in false magnetic field gradients in 
the orbitofrontal region, with a subsequent deprivation of signal and 
image perversion. This issue is more significant at high magnetic fields 
and for rapid Gradient-Echo based sequences, for instance Echo-Planar- 
Imaging (EPI), particularly used in studies applying fMRI to detect brain 
activity (Moccia et al., 2017). Strategies exist to prevent the occurrence 
of these problems (Moccia et al., 2017) and so it is important to identify 
in each fMRI study, whether some strategies have been used to optimize 
the quality of structural MRI image in the orbitofrontal part of the cortex 
during fMRI scanning. 

2.4.2. Compassion assessment 
Regarding other criteria, we also evaluated whether participants 

were told to generate compassion deliberately or whether the compas
sion score was obtained by a questionnaire measuring participant ten
dencies to experience compassion. Besides that, we registered whether 
the participants were told, what the word: “compassion” or other words 
labelling the same construct was referring to. 

2.4.3. Confounding variables 
Because a number of studies reported a possible association of socio- 

economic status with compassion (Callister and Plante, 2017; Piff and 
Moskowitz, 2018; Stellar et al., 2012), we also evaluated whether socio- 
economic status was considered. We did not use established quality 
measures protocols, because with respect to our study aims, much 
stricter criteria for evaluating study quality were needed. As there are 
gender differences in neural activity during compassion (Mercadillo 
et al., 2011), another indicator of a study quality was the proportion of 
female participants in the sample and in turn, the generalizability of its 
findings. 

2.4.4. Sample size 
During the quality assessment, we also evaluated a sample size. 

Based on recommendations of David et al. (2013), an analysed study was 
labelled as “1” if the number of subjects was ≥16. 

3. Results 

3.1. Inter-rater reliability results 

In percentages, 96.40% of agreement between authors was found; 
Cohen's Kappa test revealed that there was significant agreement be
tween raters with the following Kappa value: K = 0.72; 95% CI 
[0.58–0.85]; p < 0.001. Thus, our inter-rater reliability results suggest a 
high level of agreement between authors. 

3.2. Socio-demographic results 

The data from the 35 studies was analysed (Table 2). The first study 
concerning neural correlates of compassion was published in 2006. Age 
median of the total sample (n = 2956) was: 27.68 years old with median 
SD = 4.32. Percentage of female participants in all studies ranged from 
100% (Klimecki et al., 2013, 2014; Majdandžić et al., 2016) to 0% (Hein 
et al., 2010). Across all studies, 50% of all participants were female 
(median = 50%). One study did not report the number of female and 
male respondents (Simon-Thomas et al., 2012). In total, 45.71% (n = 16) 
of studies reported a percentage of right-handed participants. In addi
tion, 17.14%, (n = 6) of studies reported the ethnicity of participants. 
Furthermore 8.57% (n = 3) of all studies reported the socio-economic 
status. 

Almost all studies reported that their subjects (in control groups) 
were in general health (i.e., good general health, absence of psychiatric 
or neurological diseases). However, several fMRI studies: 14.70% (n =
5) did not report the health status of the participants. Two structural 
MRI studies (5.88%) did not specify what exactly the notion “healthy” 
meant. Most patients in the structural studies (studies using structural 
MRI or CT) consisted of either Alzheimer's disease or Frontotemporal 
dementia. For detailed information, see the Online Supplementary 
Table 1. 

3.3. General neurobiological underpinnings of compassion: General 
results 

Across all 35 studies, in total, 98 neuroanatomical and functional 
locations associated with compassion (both state and tendency) have 
been identified. For further information regarding frequency of associ
ation and other details see Online Supplementary material 2: Novak 
et al. (2020). 

3.4. Neurobiological substrates of compassion tendency 

The analysis of fMRI studies, which examined compassion tendency 
(n = 6) revealed relatively frequent activation in left insula (50.0%) see 
Fig. 3. 

Similarly, results from structural studies (n = 11) which explored 
compassion tendency in both healthy and psychiatric participants 
showed most frequently an association with the right insula (36.4%), left 
insula and right caudate nucleus (27.3%) - see Figs. 3 and 2. Interest
ingly, two structural MRI studies of Takeuchi et al., (2016) and Banissy 
et al., (2012), reported a negative correlation between brain structure 
and compassion tendency in: left precentral gyrus, right lingual gyrus, 
left ACG, left precuneus, left IFG - pars opercularis. Finally, one study 
(Bernhardt et al., 2014) found no relationship between compassion 
tendency and cortical thickness in left and right insula and left medial 
frontal despite the fact that these locations were regions of interest of the 
study. For further results see Online Supplementary table 3. 

Subsequent analysis of structural studies (n = 5) examining 
compassion tendency in brain lesion patients revealed that most 
frequent neural association has been observed in the left insula (60.0%) 
– Fig. 3, followed by: right insula, left IFG - pars orbitalis, left and right 
caudate nucleus, left MCA, left putamen, right midcingulate cortex and 
left thalamus (40.0%). However, one study (Hogeveen et al., 2016) did 
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Table 2 
Displays results and basic information about studies, which examined neuroanatomical bases of compassion.  

study Total number of 
participants from 
which data were 
analysed 

Neuroimaging 
method 

Independent measures; triggers 
measures of compassion or 
method of inducing compassion 

Dependent 
measure: Compassion 

Findings summary 

Rankin et al. 
(2006) 

143 MRI correlation between grey matter 
tissue density and IRI - EC 

IRI - EC empathic concern positively correlated 
with grey matter tissue density in right 
MTG; right caudate nucleus; right IFG - pars 
orbitalis; right olfactory cortex 

Moll et al. 
(2007) 

12 fMRI short scenarios inducing 
compassion, guilt, etc. 

post scanning rating (0–4) of 
compassion felt 

compassion > neutral agency → right 
cerebellum; left MTG; right MTG; right 
MFG; left middle frontal gyrus; left ACG; 
left MOG; right parahippocampal gyrus; 
left STG; left ventral pallidum 

Kédia et al. 
(2008) 

29 fMRI affective and control stories following fMRI session 1–7 Likert 
scale → compassion ratings to 
each story 

compassion (someone harms someone) >
self-anger (I harm myself) → increase 
activity in left MTG; right MTG; left 
precuneus; left MFG 

Immordino- 
Yang et al. 
(2009) 

13 fMRI narratives about real people's 
lives inducing compassion 

self-report button press in fMRI 
to indicate strength of induced 
compassion 

compassion > neutral →left insula; right 
insula; left MTG; right MTG; left MCA; left 
SMG; left ACG; left hippocampus; left PCG; 
right hypothalamus; right SMG; left 
mesencephalon; right mesencephalon; 
posterior cingulate cortex 

Kim et al. 
(2009) 

21 fMRI facial pictures (sad, neutral) self-report button press in fMRI 
(scale 1–10) 

Compassion attitude towards sad faces >
neutral attitude towards sad faces → left 
and right insula; left IFG - pars orbitalis; 
right cerebellum; right caudate nucleus; 
right IFG - pars orbitalis; left putamen; right 
ACG; left IFG - pars triangularis; right 
putamen; left and right SMA; left SMG; left 
cerebellum; SMA; right thalamus; right 
Rolandic operculum; left SN/VTA; right 
SN/VTA; left STP; right STP; left globus 
pallidus; left periaqueductal grey; left GR, 

Zahn et al. 
(2009) 

16 fMRI narratives inducing compassion IRI-EC; after scanning rating of 
emotion (compassion and other) 
most strongly associated with 
narrative (i.e., compassion - Yes/ 
No). 

empathic concern scale → right ACG 

Hein et al. 
(2010) 

16 fMRI observation of the video of in- 
group and out-group pain 

empathic concern scale Batson, 
(1997 in Herin et al., 2010) 

compassion during video observation no 
in-group or out-group conditions → left 
insula 

Lang et al. 
(2011) 

22 ?#? hearing negative sounds 
displaying human suffering 

IRI – EC Empathic concern positively correlated 
with activity in left insula left thalamus 
right thalamus during hearing of suffering 
of others (pain) 

Mercadillo 
et al. (2011) 

24 fMRI pictures representing suffering button press indicating feeling of 
compassion (Yes/no) 

compassion > neutral → left IFG - pars 
orbitalis; right MTG; left and right IFG - 
pars triangularis; left SMA; left precentral 
gyrus; left MOG; right precentral gyrus; left 
SPL; right STG; left IPL; right SPL; left IFG - 
pars opercularis 

Simon-Thomas 
et al. (2012) 

16 fMRI affective pictures self-reported intensity of 
experience of compassion 

compassion provoking pictures (harm and 
suffering) > neutral pictures → activation 
in right cerebellum; right IFG - pars 
orbitalis 

Bruneau et al. 
(2012) 

37 fMRI narratives depicting other 
persons in pain (social and 
physical) 

self-report scale (1–4) in fMRI 
after story was presented 

no relationship between compassion and 
neural activity 

Banissy et al., 
2012 

118 MRI correlation between grey matter 
volume and IRI – EC 

IRI - empathic concern There has been found a negative 
correlation between Empathic Concern and 
grey matter volume in the left ACG; left 
precentral gyrus; left precuneus; left IFG - 
pars opercularis 

Klimecki et al., 
2013 

28 fMRI video observation (depicting 
people in distress) 

compassion questionnaire right IFG - pars triangularis; right putamen; 
right GR; right SFG - orbital part right SN/ 
VTA; left IOG; right globus pallidus; right 
IOG 

Immordino- 
Yang and 
Singh, 2013 

13 fMRI narratives about real people's 
lives inducing compassion 

self-report button press in fMRI 
to indicate strength of induced 
compassion 

compassion for physical and social pain >
neutral → left MTG; right MTG; right ITG 

Bernhardt 
et al., 2014 

94 MRI correlation between cortical 
thickness and IRI - EC 

IRI – EC there has been found no correlation 
between cortical thickness between IRI - EC 
and brain structure in left insula and left 
MFG 

(continued on next page) 
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Table 2 (continued ) 

study Total number of 
participants from 
which data were 
analysed 

Neuroimaging 
method 

Independent measures; triggers 
measures of compassion or 
method of inducing compassion 

Dependent 
measure: Compassion 

Findings summary 

Fehse et al., 
2015 

18 fMRI narratives from everyday life 
events inducing compassion 

self-report button press in fMRI 
(felt/did not feel) 

compassion for innocent > compassion for 
responsible → left insula; left MCA; right 
ACG; left parahippocampal gyrus; left 
fusiform gyrus; left hippocampus; left 
mOFC; right postcentral gyrus; right 
paracentral lobule 

Immordino- 
Yang et al., 
2014 

47 fMRI narratives about real people's 
lives inducing compassion 

self-report button press in fMRI 
(scale 1–4) 

compassion > neutral → left insula; left STP 

Klimecki et al., 
2014 

25 fMRI video observation compassion questionnaire compassion training > memory training 
during observation of suffering → left and 
right IFG - pars orbitalis; right MFG; left IFG 
- pars triangularis; left ACG; left and right 
OFC, left ventral striatum 

Kraus et al., 
2014 

25 MRI correlation between grey matter 
volume and IRI – EC 

IRI – EC Empathic concern positively correlated 
with grey matter volume in left 
parahippocampal gyrus 

Engen and 
Singer, 2015 

15 fMRI video observation not reported voluntary generating compassion > passive 
watching → left insula; left IFG - pars 
orbitalis; right cerebellum; left MTG; right 
MTG; right caudate nucleus; left putamen; 
right MFG; Cerebellar vermis; left caudate 
nucleus; right ACG; left IFG - pars 
triangularis; left middle frontal gyrus; left 
SMA; left ACG; left precentral gyrus; left 
cerebellum; right SMA; left precuneus; left 
PCG; left mOFC; left MFG; left SFG - orbital 
part; right hypothalamus; left SPL; right 
mOFC; left olfactory cortex; left paracentral 
lobule 

Mercadillo 
et al., 2015 

24 fMRI pictures representing suffering button press indicating feeling of 
compassion (Yes/no) 

compassion > social cues → right 
cerebellum; left FG; left hippocampus; right 
amygdala; right MOG 

Kanske et al., 
2015 

178 fMRI correlation between brain 
activity during observation of 
affective video depicting person, 
telling sad story 

Likert scale (compassion) 
induced 

compassion experienced during 
observation of the negative video story did 
vary with activity in  
left IFG - pars orbitalis; right cerebellum; 
right MFG; Cerebellar vermis; left caudate 
nucleus; right IFG - pars triangularis; left 
middle frontal gyrus; left SMA; left SMG; 
left cerebellum; left precuneus; left SN/ 
VTA; right STG; left lingual gyrus; right 
ventral striatum 

Majdandžić 
et al., 2016 

30 fMRI photo and symbol indicating 
degree of pain in the person in 
the photo 

post scanning IRI and its part - 
empathic concern scale 

empathic concern score correlated with 
activity in left insula pain > no- pain 

Takeuchi et al., 
2016a, 
2016b 

777 MRI correlation of brain structure and 
compassion score in 
(Temperament 
Character Inventory) 

compassion vs. 
revengefulness in Temperament 
Character Inventory 

regional GM density (rGMD) of right 
lingual gyrus negatively correlated with 
compassion 

Chen et al., 
2016 

64 MRI correlation between insular 
glioma (L, R) and IRI (EC) 

IRI – EC patients with left and glioma has 
significantly lower empathic concern score 
in comparison to both healthy controls and 
posterior glioma control 

Baez et al., 
2016 

49 MRI correlation between empathic 
concern measured by one 
question (i.e., “how sad do you 
feel for the hurt 
person?”) and regional grey 
matter volume 

one empathic concern question 
(i.e., “how sad do you feel for the 
hurt 
person?” scale: − 9 to 9 ranging 

significant association have been revealed 
between empathic concern score and grey 
matter volume in right GR, (beta value = 0. 
31) 

Dermody et al., 
2016 

71 MRI correlation between IRI - EC and 
grey matter intensity 

IRI - EC rated by caregiver (no 
explanation, who exactly 
caregiver is) 

decrease of empathic concern was 
associated with decrease density of grey 
matter volume in: left insula; left IFG - pars 
orbitalis; left MTG; left MCA; left putamen; 
left precentral gyrus; right midcingulate 
cortex; left MOG; left thalamus; right 
precentral gyrus; left orbitorfontal cortex; 
left postcentral gyrus 

Ashar et al., 
2017 

66 fMRI listening to stories displaying 
suffering of another person/s, 
observing pictures of suffering 
individual while listening to 
story about him. 

rating of compassion in scanner 
(scale 1–5) 

compassion > empathic distress → right 
caudate nucleus; left caudate nucleus; left 
middle frontal gyrus; left SMA; left ACG; 
right GR; left SMG; left precentral gyrus; 
orbital part of right and left SFG; right 

(continued on next page) 
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not find any relationship between compassion tendency and neural 
structure. 

Fig. 2: displays axial and sagittal view on right caudate nucleus 
frequently associated with compassion in structural studies. MNI co
ordinates (x = 10, y = 13, z = − 3) were obtained from Shdo et al. 
(2018). 

Interestingly, the biggest differences between fMRI studies exam
ining neural activation in compassion state and compassion tendency 
has been observed in the right cerebellum (compassion state 40.0% vs. 
compassion tendency 0.0%). In summary, our results suggest that 
compassion tendency and compassion state have across both fMRI and 
structural studies differences, but also an overlapping neural substrate 
(e.g. in left IFG - pars orbitalis - see Fig. 3). The results concerning 
neurobiological substrates of compassion state can be found in Online 
Supplementary material 2. It has to be noted that only one fMRI study 
(Weng et al., 2018) reported deactivations (in right amygdala and 
insula) during compassion state. 

3.5. Neuronal differences associated with different paradigms 

We also explored the effect of different compassion inducing stimuli 
on neural activity during the compassion state. We found that written or 
heard narratives about misfortunates of others (n = 8) were more 
frequently associated with neural activity in the left and right MTG (in 
50% of cases), compared to studies (n = 10) that used video or pictures 
(10% of all cases). 

The comparison of video or picture observation with written or heard 
narratives revealed that the left IFG pars orbitalis and triangularis were 
activated by video or picture observation (40.0%) but not by written or 
heard narratives (0.0%). Differences were also observed in the activa
tion of the right cerebellum (40.0% for observation vs. 12.5% for nar
ratives), right IFG pars orbitalis (see Fig. 2 in the main text) and left SMA 
(30.0% for observation vs. 0.0% for narratives). Similar frequencies of 
activation in the left insula (40.0% for pictures or videos displaying 
misfortunates of others vs. 37.5% for written or heard narratives) have 
also been found- see Online Supplementary Table 8. 

Table 2 (continued ) 

study Total number of 
participants from 
which data were 
analysed 

Neuroimaging 
method 

Independent measures; triggers 
measures of compassion or 
method of inducing compassion 

Dependent 
measure: Compassion 

Findings summary 

SMA; left precuneus; right precentral gyrus; 
right STP; right postcentral gyrus; right 
mOFC; left lingual gyrus; left paracentral 
lobule; left IPL; left IFG - pars opercularis; 
right lingual gyrus 

Valk et al., 
2017 

307 MRI correlation between compassion 
score (Likert scale) and grey 
matter volume after several 
months of compassion training 

Likert scale (compassion) compassion increase (measured by socio- 
affective video task) after three month of 
training was associated with thickness in 
right insula; left IFG - pars orbitalis; right 
IFG - pars triangularis; left FG; right ITG; 
right olfactory cortex; right 
parahippocampal gyrus; right STP; right 
amygdala; right MTP 

Weng et al. 
(2018) 

24 fMRI observation of neutral faces and 
negative (suffering) 

compassion training induces 
changes - no questionnaire 

compassion group post-training >
Reappraisal group post -training, negative 
pictures > neutral pictures → Activation <
right amygdala, < right insula and right 
SFG - orbital part 

Hogeveen et al. 
(2016) 

166 CT correlation between brain 
structure and compassion scale 
(IRI -EC) 

IRI - EC - completed by 
participants 

no relationship found between brain 
lesions in Anterior insula; IFG; 
ventromedial PFC; ACC and empathic 
concern scale 

Shdo et al. 
(2018) 

275 MRI correlation of brain structure and 
IRI - EC score 

IRI - EC - completed by 
participant's informant 

IRI - EC correlated with grey matter volume 
in: left insula; right insula; left and right 
IFG - pars orbitalis; right caudate nucleus; 
left putamen; left caudate nucleus; right 
putamen; right GR; orbital part of both 
right and left SFG; right subcallosal area 

Patil et al. 
(2018) 

79 MRI correlation between empathic 
concern score and enlargement 
in regions of interest e.g. Right 
insular cortex 

IRI – EC positive association has been found 
between score in EC and enlargement in: 
right insula; right MFG; Cerebellar vermis; 
left middle frontal gyrus; right SMA; right 
IFG - pars opercularis; right lingual gyrus 

Sturm et al. 
(2018) 

80 MRI correlation between grey matter 
volume and IRI – EC 

IRI – EC lower empathic concern was associated 
with reduced grey matter volume in left 
and right caudate nucleus; left MCA; right 
midcingulate cortex; left and right 
thalamus 

Miller et al. 
(2020) 

34 TMS Group difference in compassion 
state after TMS application over 
right MTG 

Likert scale (1–7) indicating the 
degree of experienced 
compassion 

There was no difference between the 
experimental group and control group in 
compassion after TMS application 

Abbreviations: IFG (inferior frontal gyrus); SN/VTA (substantia nigra/ventral tegmental area); SFG (superior frontal gyrus); PFC (prefrontal cortex); ACC (anterior 
cingulate cortex); IRI – EC (interpersonal reactivity index – empathic concern scale); GM (grey matter); CT (Computed tomography); MRI (Magnetic resonance im
aging) fMRI (functional magnetic resonance imaging) middle temporal gyrus (MTG), medial frontal gyrus (MFG), supplementary motor area (SMA), anterior cingulate 
gyrus (ACG), midcingulate area (MCA), gyrus rectus (GR), supramarginal gyrus (SMG), middle occipital gyrus (MOG), fusiform gyrus (FG), superior temporal gyrus 
(STG), superior temporal pole (STP), inferior temporal gyrus (ITG), posterior cingulate gyrus (PCG), medial orbitofrontal cortex (mOFC), superior parietal lobule (SPL), 
inferior parietal lobule (IPL), Inferior occipital gyrus (IOG), middle temporal pole (MTP), transcranial magnetic stimulation (TMS). 
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3.6. Quality assessment results 

3.6.1. Comparison of quality rated vs. non-rated studies 
In total, 50.0% of all studies (n = 17) met at least one of our quality 

measures criteria. In order to distinguish between lower and higher 
quality studies, we have computed quartiles based on quality rating 
score (see Table 3). 

Studies, which reached scores located on the third quartile (Q3) and 
above (three or more points), were labelled as higher quality. On the 
other hand, because first (Q1) and the second (Q2) quartiles did not 
differ in their values, studies obtaining scores that were located below 
Q3 were considered as lower quality. Additionally, studies, which did 

not report at least one of our quality measures criteria and which thus 
cannot be scored, we labelled as non-rated studies. 

Even though the numbers of rated and non-rated studies were the 
same, among the quality rated studies a larger homogeneity of findings 
compared to quality non-rated studies has been observed. Among the 
quality rated studies, 20 neural locations associated with compassion in 
three or more times, compared to non-rated studies among which only 7 
neural areas were associated with compassion in three or more times has 
been found. Thus, larger methodological homogeneity seems to 
contribute to the homogeneity of the results. 

Among the higher quality studies (Q3 and above, n = 5), neural as
sociation with compassion state was observed in: right STP (the majority 

Fig. 2. Right caudate nucleus.  

Fig. 3. Axial view on two neural areas most frequently associated with compassion. On the left side the left inferior frontal gyrus (neural area second most frequently 
associated with compassion) (MNI: x = 46, y = 20, z = − 2). On the right side it displays the left insula (part of the brain most frequently associated with compassion) 
(MNI: x = − 32, y = 12, z = − 16). MNI coordinates were obtained from Kim et al., (2009). All T1 images in our systematic review were acquired from Fan et al., 
(2014, 2016) with permission. 
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(60.0%) of all 5 studies found neural activity in this location); further
more, neural activity was found in the left IFG - pars orbitalis, right 
insula, right cerebellum, right caudate nucleus, left SMA, right ACG, left 
SMG, right SMA, left FG and right amygdala (all locations at least 
mentioned in 40.0% of cases) - for further results see Online Supple
mentary Table 5 and Online Supplementary material 2. 

In order to explore the differences between lower and higher quality 
studies, we compared the results from the lower quality studies to the 
higher quality studies. Compared to the Q3 studies, the Q1 and Q2 
studies found neural association with compassion state in: right STP 
(60.0% in higher quality studies vs 0.0% in lower quality studies), right 
caudate nucleus, right SMA and left FG (40.0% vs. 5.6%) and right 
amygdala (40.0% vs. – 0.0%). A relative consistency of results can be 
observed regarding the right cerebellum (40.0% vs. 36.4%). 

4. Discussion 

The aim of this systematic review was to identify neural correlates of 
compassion across relevant structural MRI, CT and fMRI studies. Data 
from 2922 participants revealed 98 neural locations associated with 
compassion. We found that compassion tendency has been most 
frequently associated with neural activity in the left insula among fMRI 
studies. Results from the structural studies indicated frequent neuro
anatomical associations between compassion tendency and grey matter 
volume in left and right insula and right caudate nucleus. Among higher 
quality studies, we observed most frequent neural association with 
compassion state in the right STP and further regions such as left IFG - 
pars orbitalis, right insula, right cerebellum, right caudate nucleus, left 
SMA, right ACG, left SMG, right SMA, left FG and right amygdala. 

4.1. Reasons for heterogeneity of neural findings 

We found a large divergence of neuroanatomical findings across both 
structural and fMRI studies. There might be several reasons for such a 
divergence: 1) the effect of social desirability, 2) empathizing with 
another person, instead of generating compassion, 3) random noise due 

to a small sample size, 4) differences in compassion inducing stimuli and 
5) non-balanced proportion of females and males. 

4.1.1. Divergence of findings 
We found the findings to be divergent and we have three explana

tions for this. First, divergence of findings can be partially explained by 
different role self-report vs. informant report have effects on social 
desirability. It has been shown that the empathic concern scale (used in 
the majority of studies measuring compassion tendency) correlates with 
social desirability (Laurent and Hodges, 2009). Additionally, it has been 
shown that there is a relationship between the brain structure and social 
desirability (Andrejević et al., 2017). While taking into account that no 
study which used empathic concern scale statistically controlled for 
social desirability, it is possible that in participants filling in question
naires on their own, related neural association partially reflect neural 
correlates of social desirability. This however, might not be the case, if 
the compassion questionnaire was filled in by the participant's infor
mant. Taken together, the heteronomous neural results across the 
studies can be partially explained as an effect of social desirability. 

Second, an alternative reason for the divergence of the results may be 
that participants were empathizing with another person, instead of 
generating compassion. Even though that compassion and empathy as 
different abilities, recruits different neural networks (Preckel et al., 
2018) and that the general population considers notion of “compassion” 
as synonyms to “empathy” (Lamm et al., 2019) in a dominant number of 
studies researchers did not declare that they advise participants what 
they should do exactly in the fMRI, i.e., whether they should empathize 
or generate compassion. 

Third, perhaps the most important explanation is that many neuro
imaging results can to some degree reflect a random noise as a result of a 
small sample used. Positive predictive value (PPV) reflects post study 
probability of detecting true effect (Ioannidis, 2005) and PPV is largely 
influenced by sample size (Button et al., 2013). Therefore, the smaller 
the sample size, the lower is the chance that the detected neural activity 
represents a true neural activity. Taken together, a low power of the 
study associated with a small sample size (Cremers et al., 2017) 

Table 3 
Studies that met at least one of our quality measures criteria.  

Study OFC/vmPFC 
-correction 

Socio-economic 
status 

Generalizability 
(gender) 

Provided conceptualization of 
compassion 

Compassion state 
measuring 

Total 
score 

Sample 
size 

Q3 studies 
Mercadillo et al., 2015  1 2 1 1 5 1 
Valk et al., 2017   1 1 1 3 1 
Ashar et al., 2017   1 1 1 3 1 
Kim et al., 2009   1 1 1 3 1 
Zahn et al., 2009 1  1  1 3 1  

Q2and Q1 studies 
Takeuchi et al., 2016a, 

2016b  
1 1   2 1 

Simon-Thomas et al., 
2012  

1   1 2 1 

Engen and Singer, 2015 1   1  2  
Fehse et al., 2015     1 1 1 
Kanske et al., 2015     1 1 1 
Immordino-Yang et al., 

2014     
1 1 1 

Immordino-Yang and 
Singh, 2013     

1 1  

Bruneau et al., 2012     1 1 1 
Immordino-Yang et al., 

2009     
1 1  

Kédia et al., 2008     1 1 1 
Moll et al., 2007     1 1  
Weng et al., 2018    1  1 1 

Note: Studies were rated as follows: OFC correction = 1; Socioeconomic status =1; Generalizability: 45–55% of female participants = 2, 40–60% of female participants 
= 1; Participants were told what compassion means =1; Participants indicated whether/or how strongly they felt compassion during the experimental task 
(Compassion state measuring) =1. Sample size: number of subjects ≥16 = 1. We reported Generalizability (gender) only in fMRI studies, because with exception of 2 
studies (Bernhardt et al., 2014; Patil et al., 2018) structural studies were very balanced with respect to gender proportion. 
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indirectly increases Type I error (see David et al., 2013). Thus, the re
sults of the studies examining neural correlates of compassion that use 
too small sample sizes need to be interpreted with caution, because they 
can reflect random noise instead of a true effect. An important question 
is, however, what exactly does “too small sample” mean. On this ques
tion the recent neuroscientific community has no consensus opinion. 
Although as a few as 13 subjects is considered to be below optimal 
(David et al., 2013), some researchers recommend using between 16 and 
32 participants (see David et al., 2013) and according to others, in some 
cases it is necessary to use around 80 participants (Geuter et al., 2018). 
In this context it is important to note that four studies (Engen and Singer, 
2015; Immordino-Yang et al., 2009; Immordino-Yang and Singh, 2013; 
Moll et al., 2007) in our systematic review, examined data from less than 
16 participants. In these four studies, the results might be distorted. 
However, none of our high-quality studies had a sample size below 16, 
the minimum sample size (David et al., 2013). This finding underlines 
the importance of our results from higher quality studies; it suggests that 
these results are more likely to be reliable compared to results from 
studies that used a smaller sample. 

4.1.2. Compassion inducing stimuli 
Heterogeneity of results may be partially explained by differences in 

compassion inducing stimuli, i.e., by differences in sensory inputs 
(written narratives vs. picture observations). This explanation is in line 
with results from previous studies (Lamm et al., 2011) examining similar 
abilities (e.g. empathy) as well as with results from our systematic re
view, as both suggest that different stimuli impute is associated with a 
different neural response. 

4.1.3. Generalizability: Gender 
Divergence in neural findings might be also partially explained by a 

non-balanced proportion of females and males in research samples. As 
mentioned in the methods section, it has been observed that neural 
activity during compassion state towards sad facial expressions differs 
between genders (Mercadillo et al., 2011). 

4.2. Neurobiological substrates of compassion 

4.2.1. Role of insula during compassion 
We found that across all studies, the general neuroanatomical sub

strate most frequently associated with compassion was found in the left 
insula. In more detail, across fMRI and structural studies the insular 
cortex was the most frequently or the second most frequently identified 
region associated with compassion. Importantly, evidence from the 
majority of the lesion studies, which allow us to infer a causal connec
tion between brain and behaviour (Shdo et al., 2018), also showed that 
the insula was the most frequently associated with decreased compas
sion tendency. The role of the insular cortex during compassion has 
several interpretations: 1) processing of pleasure, 2) processing aware
ness of one's own affective state, 3) processing of negative emotions. 

4.2.1.1. Reward processing. First, left and right insula was thought to 
play an important role in processing pleasure and positive emotions 
(Naqvi et al., 2007). This could possibly imply that during the 
compassion state, the left insula contributes to a processing of positive 
emotions. According to the theory (Klimecki et al., 2013) the compas
sion state should be associated with feelings of warmth and positive 
emotions. Thus, our findings may support the theory that compassion is 
associated with positive emotions. Despite the previously mentioned 
role of the insula in processing pleasure, theoretical work and reviews do 
not identify the insular cortex as the part of the compassion network 
(Preckel et al., 2018; Singer and Klimecki, 2014). Instead of its 
involvement in compassion, the insula is rather linked to the processing 
of empathy (see Shamay-Tsoory and Lamm, 2018). 

4.2.1.2. Processing of awareness of one's own affective state. An alterna
tive interpretation of the role of the insula (especially its anterior part) 
during compassion state can rest on the production of one's own 
awareness of affective state. Specifically, the function of the insular 
cortex could rest on the representation of internal states (e.g. hunger or 
cold) by integration of various interceptive signals from the body 
(Murphy et al., 2017). This integration of various body signals allows the 
insula to produce awareness of one's own emotional state (Gu et al., 
2013). The lesion study of Hogeveen et al. (2016) revealed that grey 
matter volume loss in the anterior insula disrupts the awareness of one's 
own emotions. 

4.2.1.3. Processing of negative emotions. In contrast to the first expla
nation linking insula to positive emotions, the role of insula during the 
compassion state might also primarily rely on the processing of negative 
emotions. In line with this explanation, some studies suggest that insula 
is a part of the neural network processing negative emotions (Knutson 
et al., 2013). Moreover, negative emotional stimuli (e.g. presentation of 
suffering human faces) are used to induce compassion in participants. 
Thus, instead of positive emotions, the role of insula during a compas
sion state might in fact rest on the processing of negative emotions. 

4.2.1.4. Processing of both positive and negative emotions. It is, however, 
important to note that during the compassion state, the insula might 
process both positive and negative emotions, but in different time pe
riods. This integrative role of insula is supported by behavioral studies 
suggesting that compassion is frequently experienced as both positive 
and negative emotion (Condon and Barrett, 2013) This is also supported 
by neuroimaging studies indicating that the degree of interoceptive 
awareness related to both positive and negative emotions is associated 
with activation in insula (Pollatos et al., 2007). In summary, during the 
compassion state, the insula might process both positive and negative 
emotions evoked in different times during the compassion state. 

4.2.1.5. Concluding remarks on the role of insula during compassion. 
Taken together, it is possible that while in functional studies the left 
insula activity can reflect (1) the integration processes of sensory input 
and (2) the awareness of participants of their experienced compassion 
towards other, processing of positive and/or negative emotions (3), in 
lesion studies insular damage did not allow participants to effectively 
integrate incoming sensory inputs, so the representation of compassion 
feeling in their awareness is likely to be impaired. 

4.2.2. Role of cerebellum during compassion state 

4.2.2.1. Negative emotion processing. It is worth noting that the rela
tionship between the right cerebellum and compassion state is missing 
in theoretical and review articles concerning neural substrates of 
compassion (Preckel et al., 2018; Singer and Klimecki, 2014). Despite 
this absence of a clear link between compassion state and right cere
bellum in previous theoretical work, neuroimaging evidence (Schmah
mann, 2019) documents a direct link from cerebellum to social 
cognition and also documents functional connection between cere
bellum and parts of the neural circuit involved in compassion state i.e., 
insula - its anterior part respectively (Nomi et al., 2016). Through this 
connection with the anterior insula, the compassion state might be 
related to the cerebellum. Several studies document that patients with 
degenerative diseases of the cerebellum and its projections have heavily 
impaired emotion recognition (Hoche et al., 2016), especially negative 
emotion recognition (D’Agata et al., 2011). Therefore, the role of the 
cerebellum in the compassion neural network can rest on recognizing 
the negative affective state in a suffering person, which is a necessary 
condition for compassion state to occur. 
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4.2.3. IFG and its role during compassion 
We observed a relative consistency of the neuroanatomical and 

functional association with compassion state in the left IFG - pars orbi
talis. The neuroanatomical structure of the orbital part of the left IFG has 
a stronger relationship to brain function compared to the right cere
bellum. Results from lesion studies also indicate that the orbital part of 
the left IFG was frequently associated with compassion tendency. 

Interpretation of the function of the IFG can be the following: 1) 
proper naming and identifying of one's own emotional state and 2) sense 
of agency processing. Lastly mentioned can be found in the Online 
Supplementary discussion. 

4.2.3.1. Naming and identifying of one's own emotional state. Function
ally, the role of the IFG in a compassion state may rest on the role of 
language in naming and describing one's own feelings. Problems in 
naming and identifying emotions is one of the core aspects of alex
ithymia, which represents impaired ability to identify and express 
experienced emotions (Hobson et al., 2018). Additionally, it has been 
found that lesions in the left orbital part of the IFG together with pars 
triangularis and opercularis were associated with difficulty in identi
fying one's own feelings and with naming of objects (Hobson et al., 
2018). Thus, it is possible that the role of the orbital part of the IFG 
during compassion rests on the proper naming and identifying of one's 
own emotional state. In other words, it is possible that the more neural 
activity or grey matter volume an individual in the orbital part of the left 
IFG displays, he or she is better able to identify his or her feelings 
including compassion. 

4.2.4. Caudate nucleus, left putamen and their role in compassion 
The neuroanatomical association between the compassion tendency 

and the left putamen in conjunction with bilateral caudate nucleus in 
lesion studies may indicate the functional importance of this circuit for 
trait compassion. Association between the caudate nucleus and the left 
putamen is partially in line with work from Preckel et al. (2018) and 
Singer & Klimecki (Singer and Klimecki, 2014) that links anatomical 
subparts of these areas with compassion. These subparts include: ventral 
striatum (SN/VTA) and nucleus accumbens, which are part of the neural 
circuit associated with affiliative behaviour and reward (Preckel et al., 
2018; Singer and Klimecki, 2014). Additionally, parts of this system 
increase their activity when an individual experiences pleasure from e.g. 
listening to music (Zatorre and Salimpoor, 2013) or from eating high fat 
sweet food (Lenoir et al., 2007). Thus, our findings are congruent with 
the previously mentioned theory linking compassion to positive feelings 
(Preckel et al., 2018). Interestingly, neural activity in the nucleus 
accumbens (NaCC) - part of the mesolimbic reward system (Arias- 
Carrión et al., 2010) – is associated with helping behaviour (Meulen 
et al., 2016). It is therefore possible that during confrontation with 
compassion provoking stimuli (e.g. suffering face), participants felt a 
desire to relieve distress of this suffering individual. This explanation 
corresponds to the theory of compassion, which suggests that an 
inherent feature of compassion is the desire to help (Preckel et al., 
2018). Taken together, it is possible that individuals high in trait 
compassion benefit more from helping others than individuals with low 
trait compassion, because brain areas in the reward system are more 
active in response to helping others. 

4.2.5. Neural differences between compassion state and trait 
Interestingly, in almost 50% of cases, the neural activity in the right 

cerebellum has been found in fMRI studies examining compassion state. 
In contrast, only one structural study found an association between the 
right cerebellum and compassion trait. One explanation for such a 
divergence of findings is that a bigger cortical thickness may not strictly 
imply greater neural activity as diagnosed by fMRI. Indeed, it has been 
argued that brain anatomical structure does not strictly determine the 
neural networks dynamics (Batista-García-Ramó and Fernández- 

Verdecia, 2018). Collectively, a complex relationship between brain 
structure and function might be one of the reasons why findings from 
fMRI and structural studies are not homogenous. 

4.2.6. Structural imagining: Comparison of the results from healthy subjects 
with results from lesion studies 

This study also revealed differences in structural findings between 
neurological patients and healthy subjects: while the left insula was the 
neural area most frequently associated with trait compassion in patients 
with a neurological disease, in the healthy subjects, the same area, but in 
the opposite hemisphere, was most frequently linked with compassion. 
These differences in laterality can be possibly explained by the age- 
related changes in functional connectivity. Indeed, there are studies 
indicating that the structure of functional brain networks changes with 
increasing age (Geerligs et al., 2015). Particularly in networks associ
ated with social emotions (Oliveira Silva et al., 2018) such as the default 
mode network (Bagarinao et al., 2019). This explanation can also be 
supported by the fact that in our study there was a large difference be
tween healthy subjects and neurological patients: while the median age 
in healthy participants was 24.0, the median age in respondents 
suffering from some brain disease was 64.0. 

5. Strengths and limitations 

One of the strengths of this systematic review is that we integrated 
results from both functional as well as from lesion studies. Such inte
gration increased the confidence in the results from the functional 
studies and allowed us to suggest a causal connection between particular 
brain circuits and compassion. Another strength of our study rests on the 
fact that by uniforming different anatomical labelling atlases, we 
reduced the heterogeneity of the findings, which in turn increases the 
reliability of our results. Finally, the substantially high inter-rater reli
ability during the study selection process suggests that our inclusion and 
exclusion criteria were precisely formulated, and our findings are more 
likely to be replicable. 

Our study also has some limitations. First, because the results from 
many functional studies have a correlative nature (score in trait 
compassion was correlated with brain activity), the interpretation of 
their results as referring to neural bases of trait compassion might not be 
necessarily correct. That is a correlation between a neural activity and a 
score in a trait compassion questionnaire does not necessarily imply that 
neural activity during a certain task is directly related to compassion. 
Second, is the use of Automatic anatomical labelling atlas, which smaller 
neural areas, e.g. ventral striatum, relabels to a bigger shape, e.g. Pu
tamen. This, however, seems to be a general problem associated with 
anatomical labelling of small neural areas. Third, we excluded studies 
that investigated both compassion states with decision making at the 
same time. This implies that we did not examine the extent to which 
neural activity during compassion is influenced by some situational 
factors (e.g. decision-making processes). Fourth, our results might be 
affected by the results of the studies that used smaller sample sizes, as 
their results are likely to be less reliable compared to the results from the 
studies that used bigger sample sizes. Therefore, we highlight the results 
from our higher quality studies since they met - according to some 
recommendations - requirements for minimal sample size. 

5.1. Implications 

Our findings have several implications: first, our results have a great 
influence for scientists who want to measure compassion via fMRI while 
aiming to decrease type II error. It is usual that fMRI studies analyse 
neural data from a smaller brain region, so-called regions of interest 
(ROI). Identifications of a ROI are usually based on the previous findings 
or the theoretical assumptions. It has been argued that one of the 
possible ways to decrease the type II error in neuroimaging research is to 
use ROI analysis instead of another frequently used type of analysis i.e., 
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whole brain analysis (Cremers et al., 2017). Thus, our results could be 
helpful in compassion research in identifying ROI while decreasing the 
type II error. 

Second, future studies examining neural correlates of compassion 
should include socioeconomic status, alexithymia, empathy and social 
desirability as the possible variables that may confound findings. 
Additionally, the definition of compassion provided to the participants, 
when they are required to judge the intensity of compassion, is crucial to 
reduce risk of misunderstanding. This procedure might in turn signifi
cantly increase the reliability of the results. Third, as our systematic 
review evaluated only the affective component of compassion, future 
studies might also explore its cognitive component (Kim et al., 2020a; 
Longe et al., 2010; Lutz et al., 2020). Finally, despite the fact that pio
neering articles questioning the reliability of research findings due to 
low study power were published years ago, neuroimaging studies that 
are recently published still utilize suboptimal sample sizes. This high
lights the importance of review processes and journal publication re
quirements in the following way: the journal guidelines should demand 
from researchers to report procedures ensuring that proper statistical 
power was used (for recommendation of such strategies see: Cremers 
et al., 2017). 

From the practical point of view, the identification of neural areas 
associated with compassion can have important implications not only 
for patients who in general suffer from deficits in compassion, but also 
for individuals suffering from malevolent tendencies such as psychop
athy. Many of these individuals are characterised by a lack of compas
sion (Robinson et al., 2007) probably contributing to their delinquent 
behaviour (Hunter et al., 2007). Neural areas identified in our study 
could be neuromodulated by e.g. Transcranial Magnetic Stimulation 
(TMS), which might in turn stimulate compassion in such individuals. It 
can be speculated that in combination with compassion training via 
meditation (Leiberg et al., 2011), the neuromodulation could possibly 
represent a strategy how to decrease the risk of recidivism in 
delinquents. 

5.2. Conclusions 

Our systematic review integrating the results from both structural 

and functional studies underlines the importance of the neural networks 
associated with reward in both state and trait compassion. In more 
detail, it links biliterate caudate nucleus, middle temporal gyrus and 
right cerebellum to compassion trait, while the insula and orbital parts 
of the Inferior frontal gyrus to both state and trait compassion. 
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Gonçalves, Ó., 2018. Empathy by default: correlates in the brain at rest. Psicothema 
30 (1), 97–103. https://doi.org/10.7334/psicothema2016.366. 

Patil, I., Zanon, M., Novembre, G., Zangrando, N., Chittaro, L., Silani, G., 2018. 
Neuroanatomical basis of concern-based altruism in virtual environment. 
Neuropsychologia 116, 34–43. https://doi.org/10.1016/j. 
neuropsychologia.2017.02.015. 

Piff, P.K., Moskowitz, J.P., 2018. Wealth, poverty, and happiness: social class is 
differentially associated with positive emotions. Emotion 18 (6), 902–905. https:// 
doi.org/10.1037/emo0000387. 

Pollatos, O., Gramann, K., Schandry, R., 2007. Neural systems connecting interoceptive 
awareness and feelings. Hum. Brain Mapp. 28 (1), 9–18. https://doi.org/10.1002/ 
hbm.20258. 

Preckel, K., Kanske, P., Singer, T., 2018. On the interaction of social affect and cognition: 
empathy, compassion and theory of mind. Curr. Opin. Behav. Sci. 19, 1–6. https:// 
doi.org/10.1016/j.cobeha.2017.07.010. 

R Core Team, 2020. R: A Language and Environment for Statistical Computing. R 
Foundation for Statistical Computing. 

Rankin, K.P., Gorno-Tempini, M.L., Allison, S.C., Stanley, C.M., Glenn, S., Weiner, M.W., 
Miller, B.L., 2006. Structural anatomy of empathy in neurodegenerative disease. 
Brain 129 (11), 2945–2956. https://doi.org/10.1093/brain/awl254. 

Robinson, R., Roberts, W.L., Strayer, J., Koopman, R., 2007. Empathy and emotional 
responsiveness in delinquent and non-delinquent adolescents. Soc. Dev. 16 (3), 
555–579. https://doi.org/10.1111/j.1467-9507.2007.00396.x. 

Schmahmann, J.D., 2019. The cerebellum and cognition. Neurosci. Lett. 688, 62–75. 
https://doi.org/10.1016/j.neulet.2018.07.005. 

Shamay-Tsoory, S., 2015. The neuropsychology of empathy: Evidence from lesion 
studies. Revue de Neuropsychologie, Neurosci. Cognit. Clin. 7 (4), 237–243. 

Shamay-Tsoory, S., Lamm, C., 2018. The neuroscience of empathy – from past to present 
and future. Neuropsychologia 116, 1–4. https://doi.org/10.1016/j. 
neuropsychologia.2018.04.034. 

Shdo, S.M., Ranasinghe, K.G., Gola, K.A., Mielke, C.J., Sukhanov, P.V., Miller, B.L., 
Rankin, K.P., 2018. Deconstructing empathy: Neuroanatomical dissociations 
between affect sharing and prosocial motivation using a patient lesion model. 
Neuropsychologia 116, 126–135. https://doi.org/10.1016/j. 
neuropsychologia.2017.02.010. 

Simon-Thomas, E.R., Godzik, J., Castle, E., Antonenko, O., Ponz, A., Kogan, A., 
Keltner, D.J., 2012. An fMRI study of caring vs self-focus during induced compassion 
and pride. Soc. Cogn. Affect. Neurosci. 7 (6), 635–648. https://doi.org/10.1093/ 
scan/nsr045. 

Singer, T., Klimecki, O.M., 2014. Empathy and compassion. Curr. Biol. 24 (18), 
R875–R878. https://doi.org/10.1016/j.cub.2014.06.054. 

Singer, T., Lamm, C., 2009. The social neuroscience of empathy. Ann. N. Y. Acad. Sci. 
1156 (1), 81–96. https://doi.org/10.1111/j.1749-6632.2009.04418.x. 

Stellar, J.E., Manzo, V.M., Kraus, M.W., Keltner, D., 2012. Class and compassion: 
socioeconomic factors predict responses to suffering. Emotion 12 (3), 449–459. 
https://doi.org/10.1037/a0026508. 

Strauss, C., Lever Taylor, B., Gu, J., Kuyken, W., Baer, R., Jones, F., Cavanagh, K., 2016. 
What is compassion and how can we measure it? A review of definitions and 
measures. Clin. Psychol. Rev. 47, 15–27. https://doi.org/10.1016/j. 
cpr.2016.05.004. 

Sturm, V.E., Sible, I.J., Datta, S., Hua, A.Y., Perry, D.C., Kramer, J.H., Miller, B.L., 
Seeley, W.W., Rosen, H.J., 2018. Resting parasympathetic dysfunction predicts 
prosocial helping deficits in behavioral variant frontotemporal dementia. Cortex 
109, 141–155. https://doi.org/10.1016/j.cortex.2018.09.006. 

Takeuchi, H.T., Yasuyuki, Sekiguchi, Atsushi, Nouchi, Rui, Kotozaki, Yuka, 
Nakagawa, Seishu, Miyauchi, Carlos Makoto, Iizuka, Kunio, Yokoyama, Ryoichi, 
Shinada, Takamitsu, Yamamoto, Yuki, Hanawa, Sugiko, Araki, Tsuyoshi, 
Hashizume, Hiroshi, Kunitoki, Keiko, Sassa, Yuko, Kawashima, Ryuta, 2016. 
Differences in gray matter structure correlated to nationalism and patriotism. Sci. 
Rep. 6, 29912. https://doi.org/10.1038/srep29912. 

Takeuchi, H., Taki, Y., Sekiguchi, A., Nouchi, R., Kotozaki, Y., Nakagawa, S., 
Miyauchi, C.M., Iizuka, K., Yokoyama, R., Shinada, T., Yamamoto, Y., Hanawa, S., 
Araki, T., Hashizume, H., Kunitoki, K., Sassa, Y., Kawashima, R., 2016. Differences in 
gray matter structure correlated to nationalism and patriotism. Sci. Rep. 6 (1), 
29912. https://doi.org/10.1038/srep29912. 

Tzourio-Mazoyer, N., Landeau, B., Papathanassiou, D., Crivello, F., Etard, O., 
Delcroix, N., Mazoyer, B., Joliot, M., 2002. Automated anatomical labeling of 
activations in SPM using a macroscopic anatomical parcellation ofthe MNI MRI 
single-subject brain. NeuroImage 15 (1), 273–289. https://doi.org/10.1006/ 
nimg.2001.0978. 

Valk, S.L., Bernhardt, B.C., Trautwein, F.-M., Böckler, A., Kanske, P., Guizard, N., 
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